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Thebe  vrafi  a  time  when  British  hiatologistH  were  in  the  fore- 
front both  as  regards  the  nature  and  the  extent  of  their 
researches,  but  now — possibly  owing  to  the  developments  which 
have  taken  place  in  investigations  relating  to  the  physical  and 
mechanical  laws  concerning  nerve  and  muscle  preparations, 
in  experimental  researches  into  the  function  of  the  central  and 
peripheral  nervoua  systems,  as  well  as  the  increase  and  character 
of  the  inquiries  relative  to  internal  secretion,  the  meehanies 
of  the  circulation,  and  the'chemistry  of  the  tissues  and  fluids  of 
the  body — there  has  been  a  tendency  of  recent  years  to  alienate 
the  physiologist  from  the  study  of  Histology. 

Anatomy  deals  with  the  development  and  the  mature  struc- 
tnre  of  the  different  oi^ans  composing  the  body.  It  also  includes 
the  functions  of  these  organs  as  far  as  they  may  be  explained 
on  mechanical  lines.  Physiology,  built  on  the  foundations  of 
anatomy,  devotes  itself  essentially  to  chemical  and  physical 
considerations.  The  common  object  which  the  anatomist  and 
the  physiologist  ought  to  have  in  view  is  the  elucidation  of 
general  laws  governing  biological  phenomena. 

Histology  comprises  investigations  into  the  structure,  the 
chemical  composition,  and  the  fimctions  of  healthy  and  diseased 
animal  and  vegetable  cells,  and  therefore  the  ordinarily  accepted 
view  that  Histology  concerns  itself  merely  with  micro-anatomy 
seems  to  me  a  narrow  one. 

Owing  to  the  brilliant  work  done  abroad,  the  study  of  mammal- 
i&n  micro-anatomy,  as  distinct  from  micro-chemistry  and  micro- 
physiology,  is  approaching  completion,  and  it  is  time  for  the 
physiologist  to  awaken  to  the  fact  that  work  requires  to  be  done 
along  micro-physiological  linos,  and  that  such  work  would  be  of 
immense  value,  since  it  would  serve  as  an  aid  to  the  pathologist 
in  the  elucidation  of  the  processes  with  which  he  is  more  par- 
ticularly concerned. 

The  physiologist  should  study  the  life-cycles  of  the  varioaa 
bUs  composing  the  body ;  determine,  for  example,  the  chemical 
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changes  which  connective  tissues  undergo  during  develop- 
ment, show  how  they  are  interrelated,  along  what  paths  they 
have  been  evolved.  He  should  investigate  the  factors  calling 
forth  or  diminishing  activity  in  the  nucleus  as  contrasted  with 
the  rest  of  the  cell.  He  should  put  to  himself  such  questions  as 
these :  Which  chemical  Bubstances,  organic  and  inorganic,  have 
power  to  accelerate  or  to  diminish  cell-division  1  What  is  the 
cause  of  the  formation  of  giant  cells?  Or  to  put  it  differently, 
why  do  certain  ceils  not  divide  when  their  nucleus  does  do  so  *} 
What  is  the  ratio  between  the  surface  of  the  cell  and  that 
exposed  by  the  nuclei?  How  far  can  definite  inorganic  and 
organic  compounda  be  located  in  the  cell  ?  To  what  extent  are 
the  evolutional^'  ideas  of  Kossel  borne  out  by  microscopic 
investigations  ? 

Scientific  endeavours  to  answer  these  and  similar  questions 
can  only  be  made  after  a  thorough  realization  of  the  difficulties 
which  beset  our  inquiries  at  every  step.  We  cannot  in  eveiy 
caae  examine  cells  in  their  living  condition,  and  if  we  could, 
and  did  thus  restrict  our  investigations,  we  should  not  learn 
more  anatomy  and  physiology  than  he  who  simply  watches 
an  animal  move  and  feed. 

Without  in  any  way  desiring  to  diminiah  the  importance  of 
investigating  the  living  organism,  it  is  necessary  for  purposes  of 
biological  research  to  kill,  and  to  do  this  in  such  a  manner  as  to 
preserve  as  far  as  possible  the  physical  and  the  chemical  state 
existing  during  life. 

With  this  end  in  view  the  book  has  been  written,  and  it 
represents  a  first  attempt  to  explain  the  principles  underlying 
histological  methods. 

Special  attention  has  been  paid  to  the  question  of  preserving 
tissues  by  fixation,  and  hence  to  physical  chemistry,  to  the 
chemistry  of  fixing  reagents,  to  coagulation,  and  colloids; 
further  to  micro-chemistry,  and  hence  to  macro-chemical  methods ; 
to  the  chemistry  and  the  methods  of  application  of  staining 
reagents,  and  lastly  to  the  theory  of  staining. 

Some  earnest  workei-s,  I  know,  have  been  deterred  from 
histological  research  because  of  the  many  uncertainties  and 
difficulties  which  present  themselves.  In  many  respects  the 
problems  encountered  by  the  histologist  are  shrouded  in  dark- 
ness, and  co-operation  is  needed  to  throw  light  on  them.  Let 
lis   combinedly   overcome   the    difficulties    as    they   arise,    and 
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graduaJllj  move  forwards.  Nobody  realizes  more  than  I  do 
what  labour  there  is  before  us,  and  I  hope  thai  thie  hook,  if  it 
serve  no  other  purpose,  will  bring  out  deficiencies  in  theories  and 
in  methods. 

Much  as  I  should  have  liked  to  deal  with  the  problems  of 
staining  and  examining  living  tissues,  I  feel  that  as  yet 
I  could  not  have  done  justice  to  them,  and  therefore  I  have 
not  touched  these  subjects,  other  than  by  giving  a  full  account 
of  the  chemistry  of  the  dyes  used  in  the  irUra  vitam  technique. 

If  any  idea  or  method  described  as  my  own  should  be  claimed 
by  any  one  else,  I  shall  gladly  attribute  it  to  him  as  soon  as 
I  am  informed.  I  make  no  claims  either  as  to  priority  or  as 
to  ori^nality. 

Most  of  the  work  embodied  in  this  volume  has  been  done  in 
the  laboratory  of  Professor  Gotch,  F.R.S.,  of  the  University  of 
Oxford,  and  I  am  pleased  to  express  my  appreciation  of  the 
£EM^ilities  which  have  been  afforded  to  me. 

I  also  desire  to  express  my  sincere  thanks  to  many  who  have 
given  me  kind  help :  to  Professor  Arthur  Thomson,  M.A.,  of  tlie 
University  of  Oxford,  who  persuaded  me  to  publish  my  views 
and  who  revised  my  book;  to  D.  H.  Nagel,  M.A.,  of  Trinity 
•  College,  who  helped  me  with  good  advice  generally,  and  specially 
in  connexion  with  physical  chemistry ;  to  W.  W.  Fisher,  M.A., 
and  J.  £.  Mar»b,  M.A.,  for  help  in  chemical  matters ;  to  Miss 
Mabel  Purefoy  FitzGerald  for  reading  a  great  part  of  my 
manuscript  and  proof-sheets  ;  to  Miss  L.  H.  Huie  for  the  great 
interest  she  took  in  my  work  and  for  revising  my  index  before 
it  was  printed. 

To  Professor  C.  S.  Sherrington,  F.R.S.,  whose  kind  criticism 
encouraged  me  in  adopting  the  ambitious  title  chosen  for  this 
book,  and  to  Sir  John  Burdon-Sanderson,  Bart.,  F.R.S.,  for 
suggesting  the  title  '  Phyddogkal.  Hidology  * — to  these  I  also 
express  my  warmest  thanks. 

This  book  I  have  dedicated  to  the  memory  of  one  who 
endeared  himself  to  his  students  by  treating  all  with  the 
same  courtesy,  and  educated  them  by  sparing  neither  pains  nor 
trouble  to  make  his  lectures  attractive  ;  to  one  who  aroused 
mj  interest  in  histological  research  and  taught  me  patience. 
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HISTOLOGY 


HisTOLoay  comprises  microscopical  invosti^ations  into  the  structure, 
the  composition  and  the  function-^  of  healthy  and  diseas^Kl  animal 
and  vegetable  tissues. 

Tissues  are  composed  of  cells  and  cell-derivatives  and  should  be 
investigated  along  physical,  chemical,  and  morphological  lines ; 
further,  whenever  possible  they  should  be  studied  in  their  living 
condition  as  well  as  when  dead,  death  having  occurred  either  spon- 
taneously or  having  been  induced  purposely  by  fixing  reagents. 

The  term  fixation  comprises  all  those  processes,  physical  and 
chemical,  by  which  we  regulate  the  changes  occurring  at  and  after 
death  with  the  view  of  preserving  the  structure  and  the  composition 
of  tissues  in  a  state  approaching  that  found  during  life.  Fixation, 
however,  need  not  comprise  a  .simultaneous  'hardening.'  Thus  after 
fixing  in  weak  alcohol,  picric  acid  or  fonnaldehyde,  tissues  are  still 
90  frail,  that  to  i-erider  them  less  susceptible  to  subsequent  manipula- 
tions, they  have  to  be  hardened  by  .special  processes,  as  for  example 
by  treatment  w^ith  solutions  of  the  salts  of  heavy  metals,  or  with 
Btrong  alcohol. 

Experience  has  taught  us  that  the  study  of  the  living  cell  is  very 
difficult  because  the  various  cell  constituents  possess  during  life 
approximately  the  same  refractive  index.  For  this  reason,  before 
successful  endeavours  can  be  made  to  interpret  the  ill-defined 
^  structures  seen  in  living  cells  it  becomes  imperative  to  have  a 
H  thorough  knowledge  of  the  appearances  pre»^nted  by  such  cells 
after  death  has  supervened,  and  at  once  the  question  arises  :  To 
what  extent  is  it  legitimate,  from  the  morphological  and  the  chemical 

I  standpoint,  to  compare  the  dead  cell  with  the  living? 
fell 
at€ 
tod 


PART  L 
CHAPTER  I. 

D18CUSSIOK   AS  TO   THE  YaLTTE   OF   I^XATION. 


iBKroRE  giving  a  summary  of  the  views  on  the  etruchire  of  the 
6ll  it  is  necessary  to  define  what  others  have  called  '  protoplasm/ 
a  term  uhich  is  constantly  used  in  the  most  loose  manner,  and  also 
to  define  in  what  sense  the  word  'plasm  '  is  used  in  this  book. 

If  from  cells  in  a  state  of  complete  inanition  we  take  away  their 
nuclei,  oentrosomes,  ducts,  cilia,  filirillar  or  foam  like  supporting 
structures  and  zymogen  granules,  nothing  will  be  left  but  the  cell- 
membranes.  What  generally  goes  under  the  name  of  '  protoplasm ' 
comprises  the  structures  which  were  just  enumerated,  but  impregnated 
with  or  permeated  by  lymph  containing  nucleo-proteids.  '  Protoplasm ' 
is  thus  a  generic  and   not  a  specific  term,   and  had  best  not  be 
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employed  at  all,  or  if  a  generic  term  is  needed,  then  the  word  *plaam  * 
serves  better. 

If  amongst  histologista  'protoplasm'  is  a  vagu©  expression,  then 
amongst  chemists  the  word  '  proteid  '  is  still  more  so.  The  question 
whether  normally  proteids  do  or  do  not  contain  salts  seems  to  vex 
many,  for  they  have  not  realized  that  so-called  piu*  ash-free  proteids 
are  chemically  inert  and,  in  tlie  true  sense  of  the  word,  dead  bodies. 
What  puts  life  into  them  is  the  presence  of  electrolytes,  either 
unorganized  or  organized.  But  this  is  discussed  later  in  the  chapter 
on  colloids. 

How  diverse  the  opinions  of  histologista  have  been  in  regard  to 
the  supposed  natm-e  and  structure  of  living  matter,  and  also  in  regard 
to  the  methods  which  are  best  saited  for  fixing  purposes,  will  be  eet 
out  in  the  following  pages. 

Ever  since  the  discovery  of  the  cell,  endeavours  have  been  made  to 
exclude  the  fictitious  appearances  produced  by  reagents.  With  this 
view,  originally,  substances  were  chosen  which  preserved  the  shapa 
of  the  cell,  but,  as  the  internal  cell-structures  attracted  more  and 
more  attention,  the  diverse  appearances  which  result  from  the  use  of 
different  fixatives  made  control  absolutely  necessaiy. 

Two  methods  naturally  suggested  themselves,  namely,  to  study 
the  living  cell  before  and  while  the  reagents  produced  their  effect, 
and  also  to  investigate  the  behaviour  of  fixatives  on  isolated  cell- 
derivatives  such  as  egg-albumin  and  gelatin. 

Flemming',  whom  we  must  regard  as  the  pioneer  in  this  research, 
has  constantly  laid  stress  on  the  point  that  we  are  not  justified  in 
regarding  as  normal  ail  the  structures  to  be  seen  in  cells  which  have 
been  treated  with  reagent.s.  Knowing  the  fallacies  accruing  from 
'  fixing '  cells,  he,  notwithstanding,  published  his  osmo-chroino-acetic 
mixture,  because  he  considered  it  the  least  liable  t/o  produce  arte- 
facts, and  the  best  for  preserving  the  appearances  seen  in  jwrfectly 
normal  cells. 

As  the  result  of  his  researches  ho  arrived  at  the  conception  that 
'protoplasm'  has  a  threadlike  or  filar  structure,  which  view  iu  his 
later  communications'*  he  combines  with  the  trabecular  theory, 
started  by  From  man  n,  Heitzraann,  and  Klein,  and  supported  in  recent 
times  by  the  observations  of  van  Benedeu,  M.  Heidenhain,  Solger, 
Kromayer,  von  Nathasiua,  Dogiel,  Reinke  and  others. 

The  original  view  of  Fleraming  was,  however,  vigorously  attacked 
by  two  botanists,  namely.  Berthold  and  Schwarz. 

Berthold'  in  1886  rediscovered,  what  has  since  been  again  discovered 
and  extended  by  Ram&den*,  that  a  'mechanical  coagulum '  can  be 
produced  by  sh-iking  white  of  egg  Avith  distilled  water,  and  that  this 
coagulum  has  the  fibrillar  appearance  described  by  Flemming,  while 


'  FletBining:  ZcilsubsOinz,  AVm  vnd  ZeUtheilung,  Leipzig,  1883. 

*  Flemming:   'Zello'  in  Ergeb»u»e  der  Anat.  H.  Entwickflungsgesrh  (^Merkol  and 
B«nnet,  1893,  and  BubHoquetit  yeara). 

*  Berthuld  :  Studien  H  Pr<itoplasinam«hanik  (1886).  Berthold  was  not  the  original 
discoverer,  see  Ramsden. 

*  fUmsden:  see  p.  50,  On  mcclianical  conglutmation. 
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the  same  subataDoe  treated  with   a  watery  sohition  of  iodine   in 
potassium  iodido  gives  a  finely  granular  precipitate. 

Schwarz'  in  1887  Htudied  the  effects  of  f^cuhol,  picric  acid  and 
Flemming's  solutions  on  white  of  egg,  gelatine  and  j)eptone,  and 
showed  that  colloidal  bodies  are  precipitated  as  minute  droplets 
and  gnmules,  the  size  of  which  varies  directly  in  proportion  to  the 
strength  of  the  fixing  solutions. 

An  entirely  diflFerent  conception  as  to  the  structum  of  prutoplnsm 
was  arriveil  at  by  Altmann ',  who  in  a  number  of  papers  from  i886 
to  1893  put  forward  the  view  that  each  cell  consists  of  a  large 
number  of  spherical  or  threadlike  individuals,  the  bioblasts,  held 
togf^ther  by  a  glue-like  substance  ;  in  short,  that  a  cell  resembles  the 
zoogloeae  masses  forme<I  by  certain  bacteria  which  live  together  in 
a  jelly.  This  theory  he  based  on  the  apjiearancea  obtainalde  with 
his  o8mo-bichromatt>  fixing  method  aiui  acid  fiichsin  picric-acid  stain. 
I'lemming  in  1B93  regarded  Altmann's  granules  as  the  homologues 
of  such  cell  granules  as  ai-e  found  in  ordinary  secreting  cells,  and 
stated  that  being  *  formed '  material  they  could  not  be  regarded  as 
jpresenting  pait  of  the  *  protoplasm.' 

BUtschli^  in  1891  published  his  view  that  all  protoplasm  has 
a  chambered  or  foam-like  arrangementr  lie  subsequently  extender} 
his  researches  by  studying  not  only  the  protoplasm  of  protozoa, 
plants,  and  the  ditTcrent  organs  of  all  classes  of  animals,  but  also 
by  investigating  the  structure  of  gelatin,  starch-paste,  collodium 
and  minerals ;  and  with  artificial  foams  consisting  of  soap  and  oil. 
le  endeavoured  to  explain  such  phenomena  as  the  mitotic  division 
»f  cells.  Thus  the  first  attempt  was  made  to  give  a  mechanico- 
physicjil  explanation  of  the  appearances  seen  in  histological  s]>ecimens, 
and  Btltschli  was  greatly  helped  in  this  endeavour  by  the  work 
of  the  physicist  Quincke  \  who  experimented  on  plasmolysis  and  on 
the  movement  of  protoplasm. 

lanoiik  ^  (1893)  again  studied  the  effects  produced  on  white  of 

by  alcohol,  '  usmic  acid,'  and  the  solutions  of  Flemming  and 

ler,  and  arrived  at  the  conchisi«»n  that  networks  and  granules, 

at  all  unlike  those  S(<en  in  fixed  cells,  may  be  thus  obtained. 

\i  this,  however,  is  not  the  case  if  osmium  tetroxide  is  used,  will 

shown  later  on  (p.  69). 

'  Sohwarz :  *  Die  morpbol.  a.  ehem.  ZtuammeaMiz,  ±  Protopl.,*  Cohn'a  Btttr.  5 
(1887). 

'  Altmann  :  (a)  Studim  A.  d.  Z«B«,  Leipzig,  t866.  (b)  Lia  Slementarorganiitntn, 
Loipzig,  1890,  1893.     (c)  Arch.  /.  Aval.  11.  jiAynbL  Anat,  Abth.  1893,  p.  333. 

*  Butsohli :  (a)  *  Ober  d.  Straktnr  d.  ProtopUunas,'  VerK  d.  deutMch.  tool.  Gts. 
[X89i\     (b)   't^ber  d.  feineren   Uau  d.  kontraktilea  SubkU  d.  Mu«kelz«llen  v. 

ria,  Ac,'  Leudcardf$  Ftst»ckr^t,  189a.  (c)  Vnien.  0.  mikntkopitckt  S^&ume  u.  4, 
,rf.,'  Leipzig,  1892,  ((fl  '  tj bar  d.  feineran  Baa  d.  8ULrki.*knmer,  Cber  d. 
Imoakhcbo  NHchabmung  d.  karjok.  Figur.'  {•)  '  Ober  Strukturen  kuuflilicher  m 
ktiirlicber  quellbarer  Substauzen,'  Verhakdl,  d.  naturw.  rersins,  Heidellierg, 
'9*-5-  (/)  *lleino  Ansicht  0.  d.  Stniktur  d.  Protoplaamait  und  einige  Uirvr 
Krilikor,'  Arth.f.  Entwidalimgtmtckamik  d.  Organi»mtn,  11,  499  (1901). 

*  Quincke  :  AUtract  in  (X  Lohmann'a  MoUkularpJtynk,  2,  490,  &c. 

*  LinoUk :   '  tlU^r  d.  Stniktor  d.  Saagethiereiielle,'  OmtAmcA.  Akad,   d.   Wtm., 
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Unna  (1894),  who  has  done  so  much  for  the  minute  iuvestigation 
of  the  skin,  worked  out  an  elaborate  system  of  specific  stains  ',  which 
led  him  to  the  following  conclusion :  Flemminp's  and  BUtschli's 
views  are  not  noeessarily  opposed  to  one  another  ;  for  a  cell,  according 
to  its  stiite  of  health,  may  either  show  a  filar  or  a  foam-like  proto- 
plasm, and  fibrils  may  even  run  along  and  through  the  foam-like 
remainder  of  the  protoplasm  ^ 

In  1894  Alfred  Fischer'  commenced  his  researches,  which  he  has 
continued  up  till  now.  lie  originally  took  up  his  investigations 
in  order  to  dptennine  whether  the  granules  which  Altmann  obtained 
with  his  fixative  were  artefacts.  Subsequently  he  extended  his 
researches  to  all  classes  of  chemically  pure  proteids"''.  It  is  Fischer's 
chief  merit  to  have  shown  that  from  an  intimate  '  homogeneous ' 
mixture  of  alhumose  and  albumin,  the  former  may  be  precipitated 
in  a  granular  form  by  certain  reagents,  including  Altmann's  mixture, 
while  the  albumin  is  thrown  down  as  a  netdike  coagulum. 

Hardy,  in  1899,  attacked  the  microscopical  appearances  from  a 
physicjil  point  of  view,  in  a  similar  manner  to  that  of  BUtschli  and 
Quincke,  His  r^sulta  may  l>e  briefly  summarized  thus:  Coagulation, 
whether  it  take  place  spontaneously  at  death,  or  whether  it  be  induced 
by  fixatives  in  living  cells  or  colloidal  structureless  substances  such  aa 
filtered  white  of  egg  or  gelatin,  is  always  accompanied  by  the  separa- 
tion of  a  fluid  part  from  a  solid  net-like  structure,  '  which  differs  in 
most  cases  in  kind,  in  some  cases  in  degree,  from  the  iuitial  structure.' 

During  the  two  years  1888-9  I*  continued  the  work  of  Flemming, 
Berthold,  and  Schwarz,  and  made  a  systematic  study  of  the  various 
reagents  used  by  physiological  chemists  for  precipitating  proteide. 
The  matorial  experimented  on  was  Spirog}'ra  nitida,  the  hairs  of 
Tradescantia  during  rest  and  division,  the  growing  aj>ices  of  leaves 
of  liliaceous  plants,  and  white  of  egg.  I  confirmed  the  observations 
of  Schwarz  regarding  tho  effects  produced  on  white  of  egg  by  the 
fixatives  he  employed,  but  I  did  not  attribute  much  importance  to 
them,  because  I  considered  egg-white  to  bo  a  dead  substance  w^hich 
need  not  behave  at  all  like  a  living  cell.  Living  tissues,  whilst 
under  microscopic  obsetvation,  were  subjected  to  the  action  of  a 
number  of  fixatives  in  dilute  and  concentrated  watery  and  alcoholic 
solutions.  As  the  result  of  two  years'  work  I  came  to  the  conclusion 
that  saturated  alcoholic  and  watery  solutions  of  picric  acid  in 
combination  with  corrosive  sublimate  and  tannin  were  the  most 
vigorous  precipitating  agents,  and  that  for  this  i-eason  they  ought  to 
be  employed.  With  saturated  solutions  of  picric  aciii  aiid  sublimate 
in  absolute  alcohol  more  homogeneous  precipitates  were  obtained 

'  Unna.  '  Dber  Protnptasma-Farbung  nebnt  Bemerk.  U,  d.  BindegewebHZ.  d. 
Cutis'  MonaincJur. /.  prakt.  yjemiat.  19,  aa6    Jfip^V 

"  Unaa,  ^  &b«r  d.  neuoren  ProtupIaNraatheorJen  u.  d.  SpoogioplssmA,'  DeutKAtj 
M*di*inala)itung  (1895  . 

'  FiachiT,  la)  'Zur  Kritik  d.  FixirungHtnetliodcn,'  Anat.  Anz.  0  (1894.). 
(b)  'Ncue  Beit.  *.  Kritik  d.  Fixininjjsmothodeti/  Anat.  Ana.  10  (1895).  (e) 
i^ber  d.  Bau.  d.  Cyat%cpttycteH  u.  Bakttrien,  JeUH,  1&97.  {d)  Fixirung,  FSrinmg  u.  Baw 
d,  PntoiAasma*,  Juna,  1U99. 

*  Mann,  Tram,  and  Proc  BoL  Soc.^  Edinburgh,  i8th  session  1&B9-90,  pp.  439,443. 
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than  with  any  other  fixative,  the  cytoidasni  in  ])1ants '  appearing  to 
fonsiBt  of  closely  packed  granules,  the  mierosoines  (if  M.  Heidenluiin, 
with  the  intermediate  substance  reiJuced  to  a  minimum.  About 
1893  I  commenced  to  realize  that  those  reagents,  which  moat 
thoroughly  precipitate  proteids  in  test-tubes,  need  not  of  necessity  be 
the  mo*it  8uitable  for  preserving  the  tlelicate  structures  occurring 
in  the  cell.  Picro-corrosive  is  the  beat  mixture  for  completely 
and  readily  precipitating  all  proteid  substances,  but  such  vigorous 
precipitation  causes  many  of  the  fine  details  in  cells  to  disapjvear. 
To  remedy  this  defpct,  which  I  attributed  to  exosmosis  being  eaueed 
by  the  high  concentration  of  salts  in  the  fixing  solutions,  I  paa«<ed 
from  saturated  solutions  tu  those  having  approximately  the  upeciiic 
gravity  of  tissues,  namely,  1,020. 

Since  1895  I  have  used  combinations  of  the  picro-corroeive  mixture 
wUh  osmium  tetroxide  and  formaldehyde,  because  I  Wlieved  these 
subHtances,  by  forming  additire  compounds  with  proteids,  would 
render  the  cell  more  resistant.  Now  I  consider  all  eltctrolytes,  it  bt  ing 
immaterial  whether  they  be  used  singly  or  in  combination  with  iion- 
electrolj-ies,  to  have  a  tendency  to  produce  artefacts,  and  for  purely 
morphological  purposes,  if  chemical  substances  have  to  be  employed, 
I  rely  on  the  action  of  the  iion-electrolyteo  osmium  tetroxitle  and 
fomwildehyde  dissolved  in  isotonic  solutions  of  sodium  chloride. 

From  the  above  short  summary  of  the  results  obtained  by  different 
observers,  it  would  almost  appear  as  if  the  task  of  investigating  the 
l^tructure  of  the  cell  was  a  hopeless  one,  and  that  we  should  never 

t  any  nearer  the  truth.     Such  a  view,  however,  does  not  seem  to 

warranted. 

When  investigating  the  anatomy  of  im  animal,  after  studying  first 
its  outer  a-spect,  we  examine  the  general  arrangement  of  its  internal 
viscera,  and  do  not  start,  for  example,  the  study  of  human  anatomy 
by  contemplating  the  net-like  arrangement  of  lines  on  the  surface  of 
the  liver,  and  by  speculating  a^^  to  their  probable  cause. 

Similarly,  in  dealing  with  cells  we  should  study  in  the  first  in- 
stance the  coarse  anatomy  of  the  cell,  namely,  its  nucleus,  centre* 
JMxmes,  secretions,  duct;^  and  specialized  plasms  as  found  in  muscle, 
W»nnective  tissue,  or  epidermal  structures,  for  all  these  elements 
ntfty  readily  be  seen  in  suitable,  perfectly  normal,  living  cells. 

Subsequently,  by  the  addition  of  a  fixing  reagent  we  endeavour 
to  presvrN'e  the  appearances  seen  during  life.  If,  in  doing  so,  new 
structures  are  revealed,  we  have  to  det^'rraine  whether  these  pre- 
exist, or  whether  they  have  been  produced  by  the  reagent  employed, 
settle  this  question  a  systematic  use  must  be  made  of  normal 
leath,  and  that  caused  by  the  moat  diverse  physical  and  chemical 
means,  such  as  heat,  cold,  dehydration  ;  by  acid,  neutral,  and  alkah'ne 
media  ;  by  oxidation  and  reduction,  and  the  action  of  reagents  forming 
additive  comt>ounds.  All  these  means  must  further  be  tried  not 
only  on  resting  cells,  but  also  on  those  which  are  In  various  phuses 


Mann.    '  The    Embryo-Mo  of  Myosurus  minimua.     A  Cell  Study." 
/toe.  Hot.  8o€..  Edinburgh,  1692. 
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of  functional   activity,   such  as   division   and   secretion,   or   while 
absorbing  food. 

If  we  have  ascertained  hy  an  exact  study  of  the  moat  diverse 
fixatives  that  they  all  agree  in  producing  in  the  cells  under  investi- 
gation certain  effects  in  comLmon — for  example,  a  dwiinite  number  of 
chromatin  segments— we  have  every  right  i*>  suj»i>ose  that  the  common 
feature  is  the  outcome  of  something  which  was  preformed  in  the 
living  cell,  but  which  for  optical  reasons  we  could  not  discern  as  long 
as  life  lasted. 

Now  an  entirely  new  question  arises,  namely,  to  what  extent  is 
a  cell-organ,  revealed  by  different  methods,  preserved  in  its  original 
state  ?  By  what  changes  in  its  physical  or  chemical  composition  does  it 
become  visible  ?  In  respect  of  gross  external  characters,  as  maintenance 
of  shape  or  mutual  arrangement  of  cell-organs,  it  is  not  difficult  to 
come  to  a  conclusion  ;  for  example,  alcohol — which  shows  chromatin 
s^ments  as  do  other  fixatives— distorts  them  by  its  diffusion  cur- 
rents ;  other  reagents,  again,  by  their  slow  action,  do  not  fix  all  the 
cell-contents  simultaneously,  in  consequence  of  which  a  general  dis- 
arran^^ement  becomes  evident  as  compared  with  similar  cells  fixed 
by  quickly  acting  solutions.  Further,  some  i-eagents,  because  of  dif- 
ferences in  their  general  precipitating  power,  show  certain  structures 
attenuated  and  shrivelled,  which  after  the  use  of  other  fixatives 
api^ar  in  a  more  bulky  and  denser  form. 

Which  amongst  these  varied  apjiearances  are  we  to  choose  as  the 
one  nearest  to  nature?  The  one  which  suits  our  fancy  most,  either 
because  of  its  shape  or  its  colour  reactions?  I  think  not.  Let  each 
cell-organ  be  examined  in  a  systematic  way,  not  by  one  but  many 
reagents;  do  not  describe  only  the  effects  produced  by  what  some 
call  the  beat  fixative,  leaving  out  the  effi^cts  produced  by  'bad  '  ones; 
give  other  investigators  the  benefit  of  'failures,'  and  thus  gradually 
help  to  build  up  a  systematic  way  of  investigating  cells. 

Only  after  a  complete  and  separate  investigation  of  the  cell-body 
and  the  nucleus,  by  fixatives  especially  suited  to  each  of  them,  is 
it  permissible  for  purposes  of  reconstruction  to  combine  into  one 
scheme  those  features  which  were  obtained  repeatedly  by  diverse 
means  \ 

Some  people,  on  reading  Hardy's  results,  may  think.  If  coagulation 
always  produces  a  foam  or  net-like  structure  in  coMoiilal  homogeneous 
substances,  what  right  have  we  to  make  deductions  as  to  the  original 
condition  of  cells  ?  To  me  it  seems  that  such  a  person  is  assuming 
in  the  first  instance  that  the  structures  just  mentioned  are  always 
produced,  and  in  the  second  instance  that  the  substances  under 
investigation,  and  also  the  cpII,  are  homogeneous. 

Hardy  himself  has  stated  that  the  surfaces  of  conjugate  fluids  and 
the  advancing  edge  of  a  white  of  egg  stdution  do  not  show  a  net-like 
arrangement,  and  reference  to  ray  slide  and  test-tubo  experiments 
(p.  125)  will  further  show  that  absolutely  uniform,  granular  membranes 


'  Following  this  pUti,  I  ha^e  during  the  Last  five  yeara  employed  clow  on 
aoo  diatinct  fixing  methods  on  nerve-cells. 
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and  in&Bs«8  are  to  W  obtained,  with  no  indication  whatever  of  a  net 
or  foani,  when  colloida  are  subjected  to  special  conditions  of  stress 
or  strain.  Monckeborg  and  B«tbe  have  further  found  whit«  of  egg  fixed 
for  forty-«ight  hours  in  the  vapour  of  osmium  tetroxide  to  be  perfectly 
homogeneous,  an  observation  honring  out  my  own, 

Fonualdehyde  free  from  formic  acid  also  fixes  homogeneously. 

It  being  thus  possible  to  fix  colloids  in  a  homogeneously  granular 
or  foam-like  manner,  it  is  natural  to  choose  primarily  those  reagents 
which  produce  the  least  visible  alteration  in  media  we  know  to 
have  been  homogeneous  before  fixation,  because  the  less  violent  the 
change  in  a  uniform  medium  the  more  completely  also  will  be  pre- 
eerred  those  delicate  differentiations  existing  normally  in  a  cell.  Just 
now  it  was  assumed  that  homogeneous  mixtures  do  exist,  but  when 
we  see  produced  a  net,  or  foam,  or  granules,  in  what  appears  to  us 
before  fixation  a  homogeneous  mixture,  have  we  any  right  to  sup- 
pose that  such  a  mixture  is  in  reality  without  structure  ?  I  doubt 
it.  When  gelatin  jelly  sets  at  any  given  temperature,  as  soon  as 
the  percentage  of  water  is  reduced  to  an  amount  pmportional  to  the 
t«mi>erature,  we  may  assume  either  that  an  aggregation  (polymeriza- 
tion) of  the  gelatin  molecules  has  token  place,  or  that  each  gelatin 
molecule  having  become  less  mobile  maintains  its  individuality,  and 
that  it  touches  its  neighbour.  As  the  gelatin  molecules  are  larger 
than  thoee  of  water,  it  is  legitimate  to  suppose  (not  taking  into 
account  the  intramolecular  absorption  of  water)  that  the  gelatin  in 
the  jelly  state  forms  a  double  net  consisting  respectively  of  gelatin 
and  water  molecules,  a  view  also  supported  by  the  rate  of  diffusion 
and  ionic  migration  t>eing  the  same  in  gelatin  as  in  water. 

If  this  conjecture  be  true,  then  the  appearances  which  we  see  in 
'  fixed '  gelatin  represent  an  exaggerated  picture  of  the  normal  con- 
dition. Further,  as  the  network  which  is  formed  by  reagents  is  in 
most  instances  so  close  as  to  necessitate,  for  its  clear  demonstration, 
sections  not  exceeding  i  5/x  in  thickness,  we  may  readily,  by  cutting 
a  section  2-5-5 //  in  thickness,  reproduce  the  'homogeneous'  appear- 
ance of  unformed  matter  to  the  advantage  of  the  formed  or  structural 
elements  in  the  cell,  which  under  these  conditions  will  stand  out 
clearly. 

Although  for  the  general  fixation  of  a  cell  those  coagulants  are 
be«t  which  give  a  homogeneous  fixation,  1  believe  it  justifiable  to  use 
also  reagents  which  do  not  preserve  every  cell-constituent.  When 
we  study  the  configuration  of  bones,  we  remove  the  muscles  and 
other  soft  parts  as  completely  as  possible  ;  when  we  desire  to  study 
the  brain,  the  skull-bones  are  sacrificwl,  and  we  should  proceed 
analogously  with  the  study  of  the  cell.  After  having  studie<l  the 
appearances  in  tissues  fixed  by  reagents  which  act  homogeneously,  do 
not  let  us  be  afraid  of  using  fixatives  which  cause  artificial  appear* 
anoee  in  homogeneous  solutions  of  proteids,  as  long  as  we  know 
definitely  what  effects  each  reagent  produces  in  a  homogeneous 
mixture. 

Hitherto  far  too  little  attention  has  been  paid  to  the  chemical  and  the 
physical  aspects  of  cell-investigation  ;  substances  capable  of  acting  as 
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fixAtives  have  been  naed  in  the  moBi  indiscriminate  manner,  for  acidii 
asd  salts  are  employed  in  combination  without  the  histologist  know* 
inf  bow  these  substances  in  solution  interact  upon  one  another,  or 
<m  the  tiasae  with  which  they  are  brought  into  contact  The  teach- 
ings  of  botji  inorgamc  and  of  organic  chemistry  have  been  thrown 
away  on  the  micro^natomist,  and  so  far  only  few  investigators  have 
toaehed  the  physical  side  of  fixation. 

Lei  me  make  my  meaning  clear  by  a  short  reference  to  two 
sabstanoes  which  are  in  daily  use,  namely,  corrosive  sublimate  and 
formaldehyde,  the  former  an  electrolyte,  while  the  latter  is  a  non- 
electrolyte.  , 

Sublimate  or  bichloride  of  mercury.  HgClt^  in  \iv'atery  solutions  baa 
an  acid  reaction,  because  it  dissociates  hydrol3rtically  into  UgOH  and 
2HCI,  which  latter  electrolytically  breaks  up  into  the  hydrogen 
ka(-ion,  which  causes  the  acid  reaction,  and  the  chlorine  an-ion,  thus  : 

HgCl,  =  HgOH  +2HCI ;  HCl  =  H*  +  CI'. 

As  long  as  sublimate  is  in  a  watery  solution  it  coagulates  quickly ; 
now  add  sodium  chloride  to  the  sublimate  solution,  and  if  sufficient  is 
added,  the  acid  reaction  of  th«  original  sublimate  solution  will  dis- 
appear, because  the  sodium  chloride,  by  its  ready  dissociation  into 
flodium  ions  and  chlorine  ions,  saturates  the  water  acting  as  a  solvent 
with  chlorine  ions,  in  consequence  of  which  no  call  is  made  on  the 
chlorine  ions  of  the  sublimate,  and  hence  it  does  not  dissociate  ;  non- 
dioeociation  of  the  sublimate  means  that  no  hydrogen  ions  will  be  set 
free^  therefore  the  watery  solution  will  no  longer  be  acid,  and  the 
non-dissociated  sublimate  in  the  salt  solution  is  unable  to  act  as 
a  fixative,  because  in  the  non-dissociated  state  it  does  not  coagulate 
proteids. 

Yet,  daily  use  is  made  of  sublimate  solutions  in  05  to  075  per 
cent,  salt  solutions  ;  the  object  of  using  the  salt  being  to  increase  the 
amount  of  sublimate  in  the  solution,  on  the  assumption  that  increase 
in  the  concentration  of  the  sublimate  is  equivalent  to  greater  activity  : 
but  physical  chemistry  teaches  us  the  very  opposite  ;  the  stronger  the 
solution  the  less  it  is  dissociated,  and  therefore  the  less  effective,  as 
just  pointed  out. 

The  direct  bearing  of  this  question  on  histology  is  that  organs  rich 
in  chlorides  will  be  fixed  less  efficiently  by  sublimate  than  will  tissues 
poor  in  chlorides. 

It  has  been  known  for  close  on  seventy  years  that  salts  of  the 
heavy  metals,  in  causing  a  precipitate  of  proteids,  do  so  by  the  metal 
of  the  salt  forming  an  insoluble  compound  with  the  albumin  ;  thus 
the  mercury  radical  of  corrosive  sublimate  joias  the  albumin  to 
form  an  albuminate  of  mercuiy,  while  the  chlorine  takes  no  part 
in  the  formation  of  the  cuagulum.  Given  such  an  albuminate  of 
mercury,  we  can  readily  dissf>lve  it  by  treatment  with  sodium 
chloride,  for  the  sodium  is  a  stronger  kat-ion  than  the  mercury  ;  it 
turns  the  latter  out  of  its  combination  with  the  albumin  and  converts 
it  into  subUmate,  because  the  mercury  Liberated  from  the  tissues 
combines  with  the  chlorine  ioas  derived  from  the  sodium  chloride, 
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and  having  been  formed,  it  cannot  dissociate,  provided  sufficient  of 
the  sodium  salt  ia  present  T}ie  sodium  albuminate  being  soluble, 
the  ooagulum  disappears. 

Yet  it  lias  been  recommended  io  treat  tissues,  fixed  with  sublimate, 
only  with  normal  saline  solution  and  not  with  distilltni  wuU><r,  lo 
prevent  the  haemoglobin  from  diffusing  out  of  the  red  cirpuscles  ; 
and  many  histolugists  treat  muterial  fixed  in  sublimate  with  watery 
solutions  of  iodine  in  potasHiuni  icidide,  not  kuuwittg  thai  hereby  the 
fixation  is  completely  undone. 

Formaldehyde,  sold  commercially  under  the  name  of  formol  or 
formaline,  is  a  non-electrolyte,  and  when  pure  is  neutral  in  its 
reaction,  but  the  enmniercial  article  is  always  acid  becuusn  of  the 
oxidation  of  formaldehyde  into  formic  acid.  Now  formic  uci<l  is  an 
electrolyte,  and  should  be  wirefully  removed  when  we  desire  to  study 
the  effects  of  pure  formaldehj'de. 

Placing  on  the  siime  slide,  side  by  side,  sections  of  tissues  fixed  in 
•ublimate  and  in  formol,  and  staining  them  first  in  an  acid  sub- 
stance such  as  eosiii.  and  then  in  a  basic  dye,  for  example  tuluidin- 
blue,  we  find,  after  dehydrating  with  alcohol,  clearing  in  benzene, 
and  mounting  in  balsam,  that  the  sublimate  sections  are  deep  red, 
while  the  formaldehyde  sections  show  hardly  any  trace  of  red. 
This  result  is  not  difficult  to  explain  if  we  know,  as  will  be  shown 
later,  that  the  pseudo-basic  radical  of  albumin  was  changed  into  the 
real  base  by  the  acid  hydrogen  ions  of  the  sublimate  solutions,  while 
no  such  conversion  took  place  in  the  formol-fixed  tissue. 

These  short  allusions  to  matter  which  will  >ie  treated  more  fully 
in  later  chapters,  will  show  the  importance  vf  keeping  the  physico- 
chemical  aspect  of  cell  iuvetitigation  coiistuntly  before  our  unnds,  and 
will,  I  hoj>e,  justify  me  in  devoting  the  following  chapter  to  electro- 
chemistry. 


CHAPTER   II. 
Physical  Chemistry. 
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For  a  fuller  account  of  electro-ohemistry  the  reader  \»  sdviitod  to  study  the 
following  works  and  papers  : 

Ostwald  :  £<«c(rocAemta,  1896  ;  and  QrunMinitn  d.  arwrffaniBchtn  Cktmit,  1900. 

W.  N«m«tT  Thtoretical  Ourmistry  {Eu^Mih  (nariiiUtion,  Maomillan'). 

Jame*  Walker:  tntroductiim  to  Ph^cal  OumiMry.     and  C'dittoii,  1901. 

Abegg  and  Horz  :  Clufmiacktt  PractHaun,  GOttingen  ^Vundeahovk  uiid  Rupreeht), 
1900     English  trMiitilation,  MaomillHii. 

B.  Ley  ;  '  Sludien  ii.  d.  Iiydrolytische  Dissociation  d.  SalzlOsungen,'  ZtOtch,  /. 
ph^aik.  Chtm.  30,  193  ^1899;. 

Knhirausch  and  Holborn  :  LMtnrmBgen  d.  EUetrotytt.     Teubner,  Leipzig,  169A, 

Koblrauflch:  Kleiner  Uit/itden  d.  praktUehen  PK^k.    Teubnur,  Leipzig,  [900. 

Faraday  in  1833  showed  that  certain  substances  are  split  up  into 
their  comi>oneuts  by  means  of  the  electrical  current ;  and  hence  called 
Buoh  substances  elect rolyte-s.  The  atoms  or  groups  of  atoms  result- 
ing from  the  splitting  up  or  dissociation  were  termed  ions;   thus 
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common  salt  or  sodium  chloride  is  an  electrolyte  which  dissociates 
into  the  ions  sodium  and  chlorine. 

Certain  ions  were  found  to  go  towards  the  positive  pole  or  anodal 
electrode,  and  wer©  called  an-ions,  while  others  travelled  towards  the 
negative  pole  or  kathodal  electrode,  and  hence  were  designated  kat- 
ions.  In  the  case  of  sodium  chloride,  sodium  is  the  kat-ion,  while 
chlorine  is  the  an-ion. 

Faraday  also  showed  that  a  definite  amoiint  of  electricity  on  being 
passed  through  a  solution  of  electrolytes  does  a  definite  amount  of 
work,  or,  to  put  it  differently,  that  the  amount  of  electrolytic  decom- 
position of  a  substance  is  directly  proportional  to  the  amount  of  the 
current  which  has  passed  through  the  substance,  neither  the  size  of 
the  electrodes  nor  the  concentration  of  the  electrolyte  in  any  way 
modifying  the  result.  Thus  96,500  coulombs  of  electricity  *  lil>erate 
one  gram  molecular  weight  or  '  mol '  of  hydrogen,  or  its  chemical 
equivalent,  viz.  35-4  grams  of  chlorine,  23  grams  of  sodium,  or  one- 
half  the  weight  of  such  divalent  radicals  as  oxygen (16)  or  8  ;  SO,  (96) 
or  48,  &c,*  Therefore  i  Na  =  |  llg  =  \  Au  —  \  Pt,  or,  as  Bieder- 
mann  '  puts  it,  the  electrochemical  molecule  is  the  chemical  mole- 
cule divided  by  the  numl>er  of  valencies  which  are  set  free  by 
electrolysis. 

According  to  Faraday's  conception,  an  electrical  current,  in  passing 
through  a  solution  of  common  salt  in  water,  tears  the  electrolyt-e 
asuntler.  separating  in  this  way  the  kat-ion  sodium  from  the  an-ion 
chlorine.  Tiierefwre  an  electrical  change  or  movement  of  electricity 
in  a  solution  of  electrolytes  is  only  possible  with  a  simultaneous 
movement  of  the  ions,  and,  vice  versa,  every  movement  of  ions  must 
lead  to  a  shifting  of  the  amount  of  electricity  from  one  place  to 
another. 

The  rate  at  which  ions  travel  towards  the  poles  of  a  cell,  or  their 
rate  of  migration,  has  been  determined  experimentally  by  Hittorf, 
who  stated,  if  only  the  positive  or  only  the  negative  ions  travel, 
that  these  alone  are  responsible  for  the  carriage  of  the  whole 
amount  of  electricity  ;  while  if  both  ions  travel,  but  at  different  spe^s, 
that  tltey  will  tmnsport  the  electricity  in  direct  proportion  to  the 
speed  with  which  they  migrate,  the  amount  of  charge  carried  by  the 
different  ions  being  the  same. 

The  actual  velocities  of  migrating  ions  in  dilute  watery  solutions 
at  iS^'C,  expressed  in  centimetres  per  hour,  are  : 


+  Kat-ions 

H 

I0.8 

K 

5a 

a.05 
1-98 

1-36 

Ag 

1-66 

An-iana 

OH 

CI 

5-6 

I 

NO, 

CHiCOO 

3<I9 

t.91 
T.04 

The  relative  velocities  in  dilute  solutions  at  18°  C,  in  round  figures, 
are  as  follows  (Kohlrausch) : 

'  See  p.  460. 

•  8e«  t«bla  on  p,  27. 

'  Budolf  Biedermann,  ChemiMther  Kaiendtr,  Beilage,  1901,  070. 


HISTORICAL  ACCOUNT 


•t-Kai-ioM 
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Li 
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OH 

174 

JSO, 
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r  1 
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H,PO, 
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34 

34  (ion  of  acetic  «oid) 

It  'will  ])6  seen  that  tlte  f&gtest  ion  ia  the  kat-ion  hydrogen  and  the 
next  quickest  the  an-ion  hydroxyl,  in  short  the  two  ions  resulting 
from  the  hydrolytic  dissociHtion  of  water  (p.  31). —  Isomeric  ions 
travel  at  the  same  rate. 

Kohlrausch  was  the  firat  to  observe  that  the  electrical  conductivity 
of  a  salt  increases  wit}i  its  dilution:  thus  if  one  gram  molecular 
weight  of  common  salt  (NaCl}  is  diasolved  in  one  litre  of  water  it 
conducts  less  than  if  diluted  with  10,000  litres. 


I  gmi.  of 
liiim  oliloride  in 


I 

litre      - 

695 

10 

litres  ' 

B6.5 

TOO 

»f       " 

96-3 

1000 

„       — 

IOO-8 

lOOOO 

F»             ~ 

ioa-9 

Siemens*  unit;*  of 
cunductivity '. 


The  reason  that  dissociation  proceeds  at  first  at  a  quicker  rate  than 
SiUbsequently  hi  because  the  amount  of  non-dissociated  substance  is 
greater  to  begin  with,  and  l)ecaiise  the  products  of  dissociation  have 
not  as  yet  accumulated  and  thereby  saturated  the  solution  (compare 
Ostwald  s  tablo,  p.  15,  and  Kohlrausch's  table,  p.  20). 

Kohlrausch  deduced  the  following  conclusions  from  his  experi- 
ments:—(i)  electrolytes  undergo  a  dissociation  into  ions  on  passing 
into  solution  ;  (2)  ions  have  the  power  of  independent  wandering 
when  an  electrical  current  is  p.as.s<?d  through  a  solution  containing 
them;  and  (3(  the  'molecular'  conductivity  of  a  binary  electrolyte 
is  equal  to  the  sum  of  the  conductivities  of  its  two  ion^.  The  terra 
finolecular '  conductivity  expresses  that  one  gram  molecule  of  a  sub- 
jce  has  been  dissolved  in  any  given  number  of  litres,  and  that  the 
conductivity  for  that  particular  dilution,  expressed  in  electrical  units, 
^has  been  multiplied  by  the  given  number  of  litres. 

Arrhenius  then  brought  forward  the  view  that  all  substances  im 
irting  to  water,  which  itself  is  a  non-conductor,  the  power  of  allow- 
ig  an  electrical  current  to  pass  thri>ugh  it,  do  so  in  virtue  of  being 
in  a  state  of  electrical  dissociation  or  ionization,  there  being  formed, 
while  no  current  was  passing,  two  sets  of  ions,  the  one  having  an 
electro-negative,  the  other  an  electro-positive  charge. 

Sodium  chloride,  therefore,  on  dissolving  in  water  dissociates  into 
the  sodium-ion  carrying  a  positive  electrical  charge,  and  the  chlorine- 
iou  with  a  negative  electrical  load.     In  writing  chemical  formulae 

siwald  has  indicated  the  +  and  —  electrical  charges  as  follows  : — 
A  dot  *  i&  placed  for  the  positive  and  a  dash  '  for  the  negative  charge. 
Sodium  chloride  in  a  watery  solution  is  represented  in  this  way : 
Ka.|-Cl'-»-H,0. 

'  See  p.  460. 
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It  must  be  clearly  understood  that  sodium  cliloriJe  requires  for  ita 
completi?  dissociation  verj'  large  quantities  of  water,  and  that  it  oon- 
si.sts.  as  long  as  it  is  not  dissociated,  of  the  eW-tricnliy  neutral  com- 
pound (NaCl).  It  is  the  mass  action  of  water  which  induces  a  sepa- 
ration of  the  sodium  from  the  chlorine  radical,  rendering  the  sodium 
electro-positive  {'\  and  the  chlorine  electro-negative  ['\,  Similarly, 
hydrogen  chloride  (HCIJ  or  anhydrous  'hydrochloric  acid  '  is  an  elec-. 
trically  neutral  compound,  but,  on  being  mixed  with  water,  splitaj 
into  the  electro-positive  hydrogen  (H'J  and  the  electro-negative  chlorine 
(CI'),  while  a  strong  base,  for  example  caustic  potasli,  when  disso 
elating  in  water  forms  the  positive  iun  K'  and  the  negative  ion  OH'. 

What  hapi)ena,  therefore,  on  passing  an  elettriwtl  current,  for 
example  through  a  wateiy  solution  of  hydrochloric  acid,  is  to  set 
the  positive  or  kat-ions  (H*)  wandering  towards  the  kathode,  while, 
simultaneously  the  negative  or  an-ions  (CI')  travel  towards  the  anodeuj 
Having  reached  the  kathode  the  liydrogen  kat-ions  lose  their  positive 
electrical  load  and  become  the  non-electrieul,  non-ionized  hydrogen 
atoms,  which  then  escape  at  the  kathode  in  the  shape  of  hydrogen 
gas.  Similarly  the  chlorine  an-ions  at  the  anode  lose  their  negative' 
electrical  charge,  and  pass  into  the  non-ionized  state  of  free  chlorine 
gas.  This  free  chlorine  gas  may  l>eliave  in  one  of  two  ways,  accord- 
ing to  the  sli-ength  or  concentration  of  the  hydrochloric  acid  solution 
through  which  the  electrical  current  is  boing  passed.  If  the  solution 
is  strong  the  free  chlorine  gas  will  tirst  saturate  the  liydrochloric  acid 
solution,  and  whenever  this  saturation  has  been  established,  then 
escape  as  free  chlorine  gas.  Should,  however,  a  dilute  solution  of 
hydrochloric  acid  Ije  taken,  then  the  chlorine  gas  liberated  at  the 
anode  is  not  given  off  as  free  gas,  but  acts  on  the  water  in  which 
the  hydrochloric  acid  is  disailved,  there  being  formed  hydrochloric 
acid  and  free  oxygen,  which  hitter  escapes  at  the  anode,  according 
to  the  formula  2H,0  -I-  CI,  =  4HCI  -H  O,. 

The  following  table  shows  a  number  of  substances  dissociated  into 
their  kat-ions  and  an-ions,  and  Iiow  these  go  to  their  respective 
poles  : 


4  arujdal  tUtUnde 

—  kathodal  ehctrode 

—  an-ujns  ' 

+  kot-iona  ' 

Water        .... 

OH  (baKJc) 

H  (acid) 

Hydrochloric  acid    . 

CI 

H 

Ammonium  liydrate 

OH 

NH, 

S<niiuin  Mulpliate 

SO, 

aN« 

PotJt>>sium  liypochlorite  . 

€10 

K 

Cuprie  nitratt'  . 

3  SO, 

Cu 

PlAtinuni  chloride   . 

PtCli 

aH 

Aleuhol     .... 

OH 

CM, 

Acetic  acid 

cn^coo 

H 

Phenol      .... 

C.H.O 

H 

The  question  why  ions  with  positive  and  negative  charges  do 
not  come  together  in  such  a  solvent  as  water,  and  why  therefore 
these  charges  do  not  mutually  neutralize  one  another,  is  readily 
answered,  if  we  regard  water  as  a  medium  having  a  high  dielectric 
constant,  that  is  a  substance  without  any  electrical  chiirge  of  its 
own,  but  capable  of  having  induced  in  it  an  electricsU  charge. 


THE  FORMATION  OF  li 


The  positive  ion  will  induce  in  the  water  molecules  surrounding 
it  a  negative  charge,  while  the  negative  ion  will  induce  a  positive 
charge,  and  hence  the  effect  of  the  negative  and  positive  ions  upon 
one  another  la  weakened,  as  now  they  are  attracted  by  that  induced 
charge  to  which  they  themselves  previously  have  given  rise. 


CA«rp«  o/kat-um. 

+ 


Indvetd  ekargt  in  mdvettL 


CKarge  qfan-ion. 


I 


I 


k 


What  leads  to  the  original  dissociation  of  nn  electrolyte  is  difficult 
to  say,  Kut  owing  to  the  slight  dissociation  of  water  which  exists 
normally  (see  p.  21),  it  may  be  assumed  that  the  hydrogen  kat'ton 
or  the  hydroxyl  an-ion  starts  the  dissociation  of  the  electrolyte, 
and  this  change  having  once  started,  spreads  to  the  non-dmociatcd 
molecules  of  the  electrolyte,  ovi'ing  to  the  induced  charges  in  the 
aolvent 

The  conditions  under  which  ions  are  formed  have  heen  classified 
by  Ostwald  as  follows  : 

(a)  An  electrically  neutral  body  splits  up  into  eijuivalent  quantities 
of  positive  and  negative  ions,  as  happens,  for  example,  if  anhydrous 
acids,  bases,  or  salts  come  into  contact  with  water  ;  thus  HCl  becomes 
H'  +  Cr.  and  NaCl  splits  into  Na'  +  Cl'. 

{b)  A  n€*utral  bod y  abstracts  fr<mi  other  ions  present  their  electrical 
charge,  to  V>reak  up  itself  into  free  ions.  When  this  change  occurs 
the  free  ions,  from  which  the  electrical  charge  has  tjeen  withdrawn, 
cease  to  be  ions,  as  will  happen  if  zinc  displaces  another  metal,  such 
as  copper,  from  a  salt^  or  if  an  acid  radical,  such  as  iodine,  is  displaced 
from  an  iodide  by  the  stronger  radical  chlorine. 

(c)  A  neutral  body  passes  into  positive  ions  while  simultaneously 
another  neutral  body  is  changed  into  an  equivalent  number  of  nega- 
tive ions,  as  happens,  fur  example,  if  gold  dissolves  in  chlorine  water. 
Chlorine  has  normally  a  great  tendency  towards  ion  formation,  but 
cannot  satisfy  this  desir«  till  it  meets  with  another  neutral  body 
such  as  gold,  which  can  become  loaded  with  a  positive  charge. 

(d)  Changes,  as  just  described  under  a,  h,  and  r,  take  place  with 
neutral  bodies  cuntaining  radicals  capable  of  holding  different  or 
multiple  charges  of  electricity.  Thus,  if  chlorine  is  passed  through 
&  solution  of  ferrous  chloride,  it  can  become  a  negative  ion,  because 
the  divalent  ferrtnons  take  up  an  additional  charge  of  positive  elec- 
tricity, becoming  changed  into  the  trivalent  ferri-ions. 

A  diminution  of  the  negative  amount  of  electrical  charge  will  have 
the  same  effect  as  an  increase  in  the  positive  amount;  for  if  chlorine 
bo  led  into  a  sohitinn  of  potassium  permanganate,  the  ions  of  which 
are  aK',  and  the  divident  MnO/',  chlorine  ions  are  formed  becauso 
the  divalent  MnO/'  loses  a  negative  unit,  and  is  changed  into  the 
moDovaleut  ion  MiiO/  of  permanganic  acid  (UMnO^V 

What  is  meant  by  the  terra  hydrolysis  is  explained  on  p.  21, 
and  the  bearing  of  the  changes  described  above  under  d  on  the  pheno- 
mena of  oxidatiun  and  reduction  is  discussed  on  pp.  68-70. 

It  was  mentioned  on  p.  10  that  the  electrical  charge  of  a  gram-ion 
of  hydrogen  amounts  to  96,500  coulombs,  and  that  the  same  amount 
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of  charge  can  be  held  hy  all  other  monovalent  radicals,  while  double 
the  amount  is  carried  by  a  divalent  radical  and  so  on.  When  the 
valency  of  a  metal  alters,  for  esami>!e>  when  the  divalent  ferro-ion 
becomes  the  trivalent  ferri-ion,  an  extra  charge  of  electricity  is  givea 
to  the  ferro-ion,  changing  its  nature  thereby  completely.  It  iaJ 
readily  seen  that  the  greater  the  charge  of  an  ion,  the  greater  will 
also  be  its  tendency  to  part  with  some  of  its  load,  hence  the  great 
readiness  with  which  osmium  or  ruthenium  tetroxides  become 
reduced  by  organic  bodies. 

The  valency  of  electrically  active  ions^  as  already  mentioned  above, 
p.  II,  ia  expressed  in  monovalent  an-ions  by  a  dash,  and  for  mono- 
valent kat-ions  by  a  dot ;  for  divalent  ions  two  da.shes  or  two 
dots  are  given,  and  so  on.  Thus :  Fe"  means  the  electrically 
charged  divalent  ferro-ion,  while  Fe"*  indicates  the  trivalent  ferri* 
ion,  one  gram  molecular  weight  of  which  carries  three  times  96,500 
coulombs. 

Although  ions  of  the  same  valency  have  the  same  canying  power 
as  regards  electricity,  yet  their  atBnities  for  electricity  vary  ;  thus  the' 
monovalent  hydrogen  will  rob  the  monovalent  mercury  of  its  load, 
and  in  its  turn  has  to  give  up  its  charge  to  potassium,  which  has 
a  still  greater  electro-affinity. 

The  following  table  of  electro-affinitias  is  taken  frum  the  very  clear 
account  found  in  Abegg  and  Herz*8  book  ', 

Electro-affinities  of  some  kat-ions  arranged  in  order  of  their 
strengths : 

K',  Na',  Li-,  Ba",  Sr",  Ca",  Mg  *,  AI"',  Mn",  Zn*\  Cd",  Fe", 
Co",  Ni",  Pb",  H',  Cu",  Ag*.  Hg ,  Pf",  Au'". 

Electro-affinities  of  some  an -ions  : 

(F,  NO/,  ClO,0(Cr,  so/')  Br',  I',  PO/",  CO,",  CrO/',  SiO/',  SH', 
H5BO/,  OH',  CN',  O",  S". 

Solutions  pi  electrolytes  containing  many  ions  per  unit  of  volume 
are  obtained  with  compounds  of  the  strong  kat-ions  K',  Na*,  and  Li' 
with  all  an-ions;  and  further  with  the  soluble  combinations  of 


Ba",  Sr",  Ca",  Mg",  Mn" 
Zn",  Fe",  Co",  Ni",  Pb",  H' 
Hg-,  Ag- 


1 


with 


I  r,  ci', 
(so/' 


Br',!' 


Only  a  few  ions  per  unit  of  volume  are  formed  by  HgClj,  Hg(CN),, 
Fe(CNS),,  Fe(C,H,0,)„  NH.OII,  H,S,  HCN,  II,CO,. 

As  long  as  no  electrical  current  flows  through  a  solution  contain- 
ing  equivalent  numbers  of  negative  and  positive  ions,  these  will  be 
in  a  state  of  intimate  mixture  :  but  the  passage  of  an  electrical  stream 
will  set  the  —ions  travelling  towards  the  -f-pole,  and  the  -f  ions  on 
their  way  towards  the  negative  pole.  The  rate  of  migration  has 
already  been  given  on  pp.  10  and  11. 


*  Abegg  and  Herz,  Ciytmiachci  Praelikuyn^  Vaadeiihoek  and  Ruprecht,  GOttiugoa, 
1900.     (^English  traaslatioo,  Macmillrui.) 
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Acids,  Bases,  and  Salts  (inclusive  of  pseudo- acids  and 
pseudo-bases). 
The  term  'salt'  in  a  wider  sense  may  bo  given  to  any  sulistance 
the  components  of  which,  on  passing  into  solution,  can  exert  their 
influence  iudividuRlly  and  independently  of  one  another  (Ostwald). 
Components  reacting  in  this  manner  must  be  ions ;  thus  in  hydro- 
chloric acid.  HCl,  the  H'  renders  litmus  pnper  red,  and  the  chlorine 
ion  gives  with  silver  nitrate  the  white  pi*ecipitftte  of  silver  chloride. 
Watert  according  to  this  definition,  is  also  a  salt,  as  its  radicals  H' 
and  OH'  are  independent  of  one  another  under  certain  conditions  as 
explained  later  on.  For  our  present  purpose  the  t^r'nn  'suit'  does  not 
include  Uiose  substances  commonly  called  acids,  bases,  or  water. 

Acids. 

All  the  tyj)ical  reactions  of  acids  depend  on  the  presence  of 
hydrogen  ions  ;  thus  hydrogen  chloride  IICl,  by  coming  into  contact 
with  water,  dissociates  into  the  electro-positive  hydrogen  ion  II',  and 
the  electro-negative  chlorine  ion  CI'.  Similarly  acetic  acid  dissociates 
into  H'-fCH,C0O',  and  phenol  or  carbolic  acid  into  H'  +  QH^O'. 
It  is  the  hydrogen  ion  which  turns  litmus  paper  red,  which  de- 
colorizes red  phenolphthalein  or  yellow  nitrophenol  solutions ; 
it  causes  the  acid  taste,  and  it  also  is  able  to  transfer  its  positive 
electrical  charge  to  such  metals  as  zinc  and  magnesium,  and  thereby 
to  pass  into  the  non-ionized  state  of  free  hydrogen  gas.  The  hydrogen 
ions  also  coagulate  electro-negative  colloids  (see  p.  46). 

Ari'henius  has  shown  that  the  conductivity  of  a  solution  is  pro- 
portional to  the  amount  of  ionic  dissociation  an  electrolyte  in  the 
solution  has  imdergone^  and  that,  further,  the  strength  of  an  acid  and 
its  conductivity  are  also  proportionaL  It  follows  that  the  strength 
of  an  acid  is  determined  by  the  number  of  ions  which  are  liberated 
in  a  normal  solution  (i  gram  molecule  per  litre  of  water ;  see  p.  18). 
As  all  acid  reactions  depend  on  the  liberation  of  the  electro-positive 
hydrogen  ion  H',  those  acids  which  in  normal  solutions  dissociate 
into  many  H'-ions  are  strong,  while  those  in  which  only  a  limited 
dissociation  into  H'-ions  takes  place  are  feeble  (p.  17). 

The  potential  acidity  of  e^juivalent  amounts  of  different  acids, 
when  completely  ionized,  must  be  the  same  ;  thus  one  gram  of  acetic 
acid  when  completely  dissociated  will  have  the  same  strength  as  one 
gram  of  completely  dissociated  hydrochloric  add ;  but  it  must  be 
borne  in  mind  that  a  largo  quantity  of  water  is  required  to  induce 
a  complete  iouiziition  of  acetic  acid,  while  only  a  small  amount  is 
needled  to  dissociate  hydrochloric  acid. 

The  total  and  relative  amounts  of  dissociation  of  the  acids  in 
common  use  may  be  gathered  from  Ostwald's  table,  in  which  the 
dilution  Is  expressed  in  litres,  and  the  amount  of  dissociation  i  01  grni. 
of  hydrogen  undergoes  is  represented  by  fractions : 

litna. 

o-io 
o.a6 
056 


H^O,       Acttic  acid. 


10 

0-95 

0^ 

0-9S 

100 

098 

0.98 

098 

000 

099 

<>99 

099 

0-S7 
074 
0-93 


0.013 
0050 
01  as 
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While  the  three  first  acids,  to  which  nitric  acid  may  be  added, 
uudergo  only  a  slight  change  on  dilution,  the  other  four  acids  dis- 
sociate greatly. 

To  i>ut  it  differently  ;  when  using  hydrocliloric  actd  we  aredealu 
with  a  concentrated  solution  of  H-ions.  while,  when  employing  aceti 
acid,  we  mako  use  of  a  dilute  solution  of  H-ions,  owing  to  the  fact 
that  the  electro-negative  an-ion  CI'  in  hydrochloric  acid  does  not 
interfere  with  the  electrical  dissociation,  as  does  the  electro-negative 
an-ion  CH  ,C0O  in  the  case  of  acetic  acid.  Therefore  the  greater  the 
ease  with  which  an  acid  dissociates  in  water,  the  greater  will  be  the 
number  of  H-ions,  the  stronger  the  acid  reaction. 

Ths  strongest  acids  in  aqueous  solutions  are  the  monobasic  ones, 
namely,  hydro-chloric,  -broinic  and  -iodic  acids,  also  nitric  acid  {an. 
oxyacid) ;  while  all  dibasic  acids  are  weaker,  the  strongest  member  of' 
this  group  toeing  sulphuric  acid  (see  Table,  p.  17). 

Dibasic  acids,  in  strong  solutions,  generally  dissociate  into  one 
hydrogen  ion  and  the  remainder  of  the  molecule,  thus  H,,SO^  = 
H*  +  HSO/;  but  on  being  still  more  diluted  the  second  hydrogen 
atom  is  also  split  oflF:  IISO/  =  H*  +  SO/'.  Dibasic  acids  on  coming 
in  contact  with  neutral  salts  lead  to  the  formation  of  acid  salts, 
which  then  dissociate  as  such. 

A  typical  example  of  a  weak  acid  is  acetic  acid  (see  Table,  p.  17). 

Not  only  do  strong  acids  undergo  dissociation  more  readily  timn 
weak  ones,  but  they  also  directly  inhibit  the  dissociation  of  weak 
acids  ;  thus  hydrocldoric  acid  will  prevent  or  greatly  retard  the 
ionization  of  acetic  acid,  for  this  reason:  Dissociation  of  an  acid, 
means  the  liberation  of  the  acid  hydrogen  ion  ;  and  if  a  substance^ 
(the  strong  acid)  dia-sociates  readily,  it  will  set  free  a  sufficiently 
large  number  of  hydrogen  ions  to  saturate  the  solution,  and  therefore 
no  more  hydrogen  atoms  can  l>e  added  from  the  weak  acid,  which  at 
the  beet  has  only  a  slight  tendency  to  dissociate. 

The  same  effect  which  strong  acids  have  on  the  dissociation  ot\ 
weak  acids  is  also  produced  by  adding  to  a  weak  acid  one  of  its 
neutral  salts.  A  solution  of  acetic  acid  contains  the  greatest  nunaber 
of  molecules  in  the  non-dissociated  state,  as  HC»HjOj,  while  a  certain 
percentage  is  dissociated  into  acet-ions,  C^H,©, ,  and  hydrogen  ions, 
H*.  On  adding  to  such  a  solution  of  acetic  atid  some  sodium  acetate, 
the  latter  dis8<M?ifttea  freely  into  the  acet-ion  CjHgOj'  and  the  sodium 
ion  Na'.  As  by  the  ready  dissociation  of  the  sodiimi  acetate  the 
solution  liecomea  saturated  with  acet-ions,  no  call  is  made  on  the 
acet-ions  of  the  acetic  acid  and  therefore  it  does  not  dissociate  at  alL 
But  non-<lissociation  of  acetic  acid  means  that  hydrogen  ions  cannot 
be  liberated,  or  only  to  a  slight  extent,  and  therefore  the  acid  reaction 
of  acetic  acid  disappears  or  is  greatly  reduced  on  adding  to  its 
solution  some  sodium  acetate.  Strong  acids  have  their  ionization 
only  slightly  affected  by  the  addition  of  neutral  salts.  Strong  acids 
may  also  displace  weak  ones  from  their  union  with  strong  bases,  for 
reasons  which  will  l:>ecome  apparent  from  the  following  example: — 
Sulphuric  acid  is  a  comparatively  strong  while  acetic  acid  is  a  feeble 
acid  (see   Thomaen's  Table,  below),  and   hydrogen   ions  have  less 
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positive  electro-affinity  than  have  sodiiun  ions.  If  we  therefore  start 
with  a  solution  <>f  sodium  acetate,  we  are  dealinf^  with  an  almost 
completely  dis80ciate<l  salt,  the  ions  being  Na*  +  0,H,0,'.  On  adding 
to  these  ions  sulnhuricacid,  which  also  readily  undergoes  disaociation 
into  H'  and  SO, '  ions,  the  strong  kat-ions  Na'  of  the  sodium  acetate 
and  the  strong  an-ions  SO/'  of  the  sulphuric  acid  remain,  while  most 
of  the  hydrogen  ions,  having  little  electro-affinity,  join  the  feeble 
ae^tt'ions  to  form  non-dissociated  molecules  of  acetic  acid. 

If  a  feeble  an-ion  and  a  fef>ble  kat-ion  are  joined,  as  in  the  case  of 
mercuric  cyanide,  Ilg^CN},,  no  dissociation  takes  place  in  water,  and 
the  addition  of  a  strong  acid,  e.  g.  HCl,  will  not  liberate  hydrocyanic 

I        acid. 

■        The  following  table  shows  the  relative  strengths  of  various  acids 

H    and  bathes  referred  to  ecjuivalent  solutions : 

^■^  Aeidt  (owri  twiiial).  Bates  {^  normal), 

r     sal 


Nitric . 

too 

Litbium  hydroxide 

lOO 

Hydrochloric 

lOO 

Sodium 

98 

Sulphuric   . 

49 

PnbutHium 

98 

Oxalic 

»♦ 

Ammonium    . 

a 

OrthnphoApltoric 

»3 

T«rU[ic 

5 

AmUo 

3 

Bases. 
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The  term  base  was  originally  given  to  the  non-volatile  constituent 
of  a  salt,  in  the  belief  that  it  fornifd  the  foundation  or  bjise  of  the 
salt ;  it  is  now  given  to  substances  which  neutralize  a  solution  of  an 
acid,  forming  thereby  a  salt.  In  the  CAse  of  solutions  of  electrolytes 
such  as  cauntic  pot«sh,  KOII^  the  Imsic  reaction  depends  on  the 
presence  of  the  elect ro-negutive  radical  OH  ;  the  so-called  organic 
bases,  such  as  anilin,  which  do  not  react  alkaline  to  litmus,  yield, 
with  acids,  solutions  of  salts  exactly  analogous  to  those  given  by 
inorganic  bases. 

Just  as  monobasic  acids  dissociate  almost  completely  in  water, 
so  do  the  strong  alkalies,  for  example  the  hydroxides  of  lithium, 
sodium,  and  potassium,  while  ammonia,  according:  to  Hantzsch  and 
Sebaldt',  is  a  feeble  base,  because  the  greater  part  of  it  continues  to 
remain  in  water  as  the  anhydride  Nil,,  a  small  percentage  only  l>eing 
cwiverted  into  the  hydroxide  which  dissociates  thus :  NH/-I-  OH'. 

Weak  bases,  for  example  ammonia,  behave  analogously  to  weak 
acids,  as  they  dissociate  only  slightly  in  the  presence  of  their  salts.  It 
is  therefore  easy  to  reduce  the  basic  character  of  ammonia  by  adding 
to  its  watery  solution  some  ammonium  chloride. 

Strong  bases,  such  as  potassium  or  sodium  hydroxide,  on  the  other 
hand,  dissociate  freely  and  are  analogous  to  strong  acids,  being  only 
slightly  affected  by  the  addition  of  neutral  salts  containing  the  same 
metaL 

Neutralization  of  an  acid  by  an  alkali,  for  example  of  hydrochloric 
acid  by  caustic  soda,  resolves  itself  into  a  union  between  the  electro- 
positive, acid  hydrogen  ion  H*  and  the  electro-negative,  basic  hydroxyl 


HantzMh  *nd  Sebaldt 


ZeitKh./.  phyaik.  Chtm.  SO,  ajB  (,1899). 
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ion  OH',  there  being  formed  elGctrically  iuactive,  neutral  water.  In 
this  particular  case  the  two  remaining  radicals,  namely  sodium  and 
chlorine,  remain  as  electi'ical  ions  in  solution  : 

(H'  +  Cn  +  (Na*  +  OH')  =  (H'  +  OH')  -f  Na'  +  CI'  =  H,0  +  Na' + a'. 

To  measure  the  amount  of  acid  or  base  present  in  a  solution  means 
to  determine  tho  numljer  of  hydrogen  or  hydroxyl  ion8.  For  this 
purpose  '  normal '  solutions  are  employed. 

A  '  normal '  solution  is  prepared  by  dissolving  the  gram  molecular 
weight  or  *mol'  of  any  monovalent  substance  in  i,ooo  cc.  or 
I  litre  of  water.  A  normal  caustic  soda  solution  is  therefore  obtained 
by  dissolving  Na  +  O  +  H  =  2305+16+  i-oi  or  40-06  grms.  in  1,000 
cc.  of  water.  Similarly  a  norm.al  hydrochloric  acid  solution  con- 
tains 36-46  grms,  of  HCl  (CI  =  35*45  and  H  =  i-oi).  As  a  litre 
of  normal  caustic  soda  solution  contains  17-01  grms.  of  the  basic 
hydroxyl  group  OH',  and  as  a  litre  of  normal  hydrochloric  acid  con- 
tains i-or  grm.  of  the  acid  hydrogen  ion  H',  it  follows  that  by  the 
union  of  17-01  grms.  of  OH  and  the  i-oi  grm.  of  hydrogen  the  sub' 
stance  water,  H.O  with  a  gram  molecular  weight  of  [i-oi  +  i-oi  +  i6j 
or  1802,  will  be  formed.  As  water  is  a  neutral  compound  we  know 
that  neutralization  must  mean  the  union  of  the  basic  OH'  with  the 
acid  H'. 

To  neutralize  means  to  form  water. 

If  1,000  cc.  of  normal  soda  solution  neutrali3e  1,000  cc»  of 
normal  hydrochloric  acid  solution,  it  follows  that  i  cc.  of  NaOH 
will  also  neutralize  i  cc.  of  HCl,  however  much  they  may  be  diluted 
with  water.  This  fact  is  made  use  of  for  preparing  deci-  and  centi- 
normal  acid  and  basic  solutions  by  diluting  the  normal  solution  10 
or  100  times.  In  histology  normal  solutions  dilated  1,000  and  even 
10,000  times  have  still  very  marked  effects,  and  are  required  for 
determining  the  relative  acid  and  basic  affinities  between  dyes  and 
tissue  constituents. 

The  estimation  of  acidity  or  basicity  by  means  of  neutralization 
experiments  is  called  titration. 

Salts. 

The  ions  of  an  electrolyte  as  regards  their  electro-affinities  may 
be  both  strong,  both  weak,  or  one  of  the  radicals  may  be  feeble  while 
the  other  is  strong.  Thus  in  sodium  chloiide  the  an-ion  CI'  and  the 
kat-ion  Na"  are  both  strong  ;  in  mercuric  cyanide  the  an-ion  CN'  and 
the  kat-ion  Ilg*  are  Ijoth  feeble  ;  in  corrosive  sublimate  the  an-ion  Ci' 
is  strong  while  the  kat-ion  Hg*  is  feeble ;  and  in  sodium  carbonate 
the  an-jon  CO /  is  feeble  while  the  kat-ion  Na'  is  strong '. 

When  the  salts  just  mentioned  dissolve  in  water,  no  action  on  or 
by  the  latter  will  take  place  if  the  an-ion  and  kat-ion  radicals  are  both 
[ually  strong,  as  in  sodium  chloride.  It  is  different,  however,  with 
ich  ill-matched  radicals  as  are  met  with  in  corrosive  sublimate  or 
sodium  carbonate,  as  is  explained  later. 

'  Compare  the  table  of  electro-offliuties  on  p.  14. 
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Salts  in  relAtion  to  water  may  be  classified  as  either  insoluble  \ 
;h  us  barium  sulphate, — or  soluble.  The  latter  on  passing  into 
Solution  either  do  not  become  ionized  and  do  not  conduct  the 
electrical  current,  ;is  for  example  mercuric  cyanide,  ur  thoy  l;ecome 
diiBociated  into  ions  and  offer  therefore  little  resistance  to  the  flow 
of  ao  electrical  current  '  All  substances  belonging  to  the  last- 
mentioned  gi'wi'P  may  be  redivided  into  those  which  are  dissociated 
only  electrolyticjiily,  such  as  sodium  chloride  [NaCl  +  HvO  =  Na*  + 
Cr  +  HyO],  potassium  sulphate,  and  other  neutral  salts;  and  those 
salts  which  after  a  preliminary  electrolytic  dissociation  undergo 
ft  socondiiry  hydrolytif  decomposition,  as  do  for  example  the  chlorides 
and  nitrates  of  alumiiiiinu^  C(>i)per,  zinc,  mercury,  anilin,  pyridin, 
and  ui-ea,  all  of  which  give  an  acid  reaction  because  they  contain 
a  strong  'acid '  radical  joined  to  a  feeble  'base.'  Beversely^  oil  salts 
which  have  a  feeble  acid  joined  on  to  a  strong  base,  give  an  alkaline 
reaction,  as  for  example  the  carbonates,  borates,  cyanides,  and 
soaps  of  sodium  ari<l  [wjtassiura.  This  hydrolytic  decomiKJsitiou  is 
explained  on  p.  21. 

On  p.  II,  taking  sodium  chloride  as  an  example,  it  was  pointed  out 
tlkut  the  dissociation  of  a  substance  is  increased  by  dilution  :  but  how 

tgreiitly  the  dissociation  varies  in  the  case  of  different  salts  may  be 
guOiered  from  the  accompanying  table,  representing  the  relative 
conductivities  of  some  salts  in  common  use,  the  concentration  in 
pdoh  caae  amounting  to  one  gram  molecular  quantity  in  two  litres 
0f  water  at  18*^  C. : 
MAgnesiutn  sulphate    ......  54 

Sodium  chloride          ......  75-7 

Potassium  nitruUt         .          .....  83-9 

K                Ammonium  nitrate      ......  88-4 

H                Sodium  »u]]itiah:^           I  a 

H                AinmoniuDi  cliloride    )        '         '         ' 
H  Amtnonium  sjulpliato ia8-6 

m  Potassium  sulphato      ......         134-4 

Excepting  in  the  case  of  sodium  chloride  practically  notliing  is 
known  regarding  the  conductivity  of  saturated  solution  ;  but  the 
table  on  p.  20,  taken  from  Kohlrausch's  Leit/aden,  shows  that  electro- 

Ilytes  posseas  a  maximum  point  of  conductivity,  on  either  side  of 
which  the  concentration  of  electrolytieally  dissociated  ions  per  unit  of 
volume  diminishes.  Magnesium  sulphate,  for  example,  has  the  greatest 
eonductivity  in  conceutnitions  of  174  per  cent.,  while  10  and  25 
per  cent,  solutions  have  approximately  the  same  conductivity,  there 
being  present  the  some  numl)er  of  ions  in  a  given  quantity  of  the 
solution. 

Generally  speaking  it  may  be  said'  (i)  that  the  dissociation  of  an 
eleotrolyte  is  diminished  by  adding  to  it  one  or  more  of  the  producta 
of  it«  dissociation,,  namely  ions  ;  (2)  proviiJed  twn  subHtauces  have 
a  common  product  of  dissociation,  that  each  substance  will  dissociate 

'  Solubility  and  LDBolubility  *r«  only  retntive  terms,  ••  no  subatauce  is 
«omplet«lT  infwiuble. 

'  Walk«r  :  JrUrodwctfon  (0  Ph^cal  CVmwfry,  end  edition,  1901. 
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to  a  less  extent  than  if  it  were  by  itself;  and  (3)  that  of  two  sub 
stances,  both  capable  of  dissociation,  the  one  normally  breaking  u 
most  will  also  do  so  in  the  presence  of  the  other  '. 

KoHLRAUcn's  Table  showiito  MAXiurif  Points  of  CoNUUCTrvTr*; 


Perceniagi  0/ 
Eltxlrolyte. 


MaTtmum 
at 


NaCl 


ai4 


MgSOt 


49.3 


H,SO« 


HNO, 


asa 
461 
711 
770 
78s 
733 
631 

5«3 
396 
967 


a9-7% 

785 


So  far  it  has  been  assumed  that  the  conductiTity  of  a  solution 
dei>end<.<nt  only  on  the  dtssociatioii  of  an  electrolTrte,  but  a  secon< 
factor  must  also  be  taken  into  consideration,  namelyj  the  aniounl 
of  resistance  which  is  offeroil  to  the  mfivenients  of  ions  by  th 
viscosity  of  the  solvent.  The  denser  the  solvent  the  greater  wil 
be  the  friction  between  its  molecules  and  the  ions  of  the  electrolyte* 
Thus  if  water  be  taken  as  the  solvent,  and  secondly  an  electrolyt6 
in  so  dilute  a  solution  as  to  ensiii'e  a  dissociation  of  all  its  molecules, 
then  the  water  containing  a  definite  number  of  ions  will  conduci 
electricity  to  a  lesser  extent  at  Ionv  tpmperaturos  than  at  higll 
temperatures,  a  fact  only  explainable  on  the  hyixithesie  that  heatinfl 
gives  greater  mobility  to  the  particles  of  the  water  and  to  the  io 
in  it. 

It  would  appear  from  the  literature  that  an  increase  of  tempera 
ture  does  not  in  itsolf  lead  to  increased  elect rolytical  dissoeiiition  o! 
a  salt ;  but  the  fact  of  ions  travelling  jnuch  faster  in  a  wami  or  ho^ 
fixing  solution  than  in  a  cold  one  must  be  remembered  in  al 
histological  investigations,  as  with  increased  mobility  of  ions  the 
goes  hand  in  hand  a  more  ready  coagulation  or  precipitation  of  tb 
colloidal  tissue-elements,  quite  apart  from  the  direct  effects  of  th 
temperature  on  the  cell. 

Wafer. 

According  to  the  definition  of  a  salt  given  above,  namely,  a  sub 

stance  formed  by  the  xmion  of  a  kat-ion  and  an  an-ion.  we  must  regard 

•ater  as  a  salt,  for  it  is  capable  of  splittittg  up  into  H'  +  OH',  eithei 

'"nent  being  able  to  exert  its  own  influence. 

•'w  alKJve  that  pure  hydrogen  chloride  does  not  conduct,  an 

'"olds  good,  practically  speiiking,  for  pure  water,    which 

mous  resistance  to  the  flow  of  the  electrical  curreuta 


*  See,  however,  p.  63- 
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Inasmuch,  however,  as  the  purest  water  yet  obtained  did  conduct 
the  cui-rent  to  a  very  small  extent,  we  are  justified  in  believing  that 
it  was  slightly  dissociated.  This  state  of  dissociation  is  even  more 
marked  in  ordinary  distillcil  water,  and  therefore  we  have  a  right  to 
consider  water  as  a  potential  base  or  acid,  as  by  it«  dissociation  there 
are  formed  acid  hydrogen  ions  and  basic-  hydroxyl  ions. 

The  effect  of  eluctro-positive  bodies,  such  as  sodium,  on  water  is  to 
libenite  the  eloctro-negative  OH-ion,  which  renders  the  solution  alka- 
line ;  the  hydrogen  ion,  formed  at  the  same  time,  transfers  its  charge 
to  an  atom  of  sodium,  whtcb  goes  into  solution  as  a  sodium  ion,  while 
the  hydrogen  is  liberated  as  elf-ctrically  neutral  gas.  In  the  presence 
of  strongly  negative  radicals,  such  as  chlorine,  tho  electro-positive 
11-ion  is  liljerated  by  sunlight ;  the  solution  becomes  acid,  a  chlorine 
atom  goes  into  solution  as  a  chlorine  ion  ;  the  OH-ions  not  capable 
of  forming  stable  molecules  condense  to  form  molecules  of  water 
H,0,  and  oxygen  atoms  are  set  free. 

Thus  water  can  react  liko  an  ordinary  salt  in  which  the  positive  or 
negative  radical  is  turned  out  by  a  group  poesftsing  stronger  electro- 
affinities. 

Alcohol  behaves  in  this  respect  like  water,  becoming  dissociated 
tbus:  C,H,OII  ^  C,H,0'+ir. 

It  tlecomposes  saUts  of  weak  acids,  as,  for  eiiample,  sodium  phenolate 
C.H.ONa + C,U,01I  ^T  CoH.OH  +  C^H^ONa. 

Utfdrolysis. 

The  chief  papers  bearing  on  hydrolysis  are  those  by  Walker ', 
Arrhenius^  Bredig*,  Ley*,  Cohnheim  and  Krieger",  Erb",  Bruner  *, 
von  Kowalewsky  *,  and  Kohlrausch  *. 

Salts  containing  weak  acids  or  weak  bases  undergo  in  the  presence 
of  water  a  change  called  hydrolysis,  which  differs  in  character  from 
the  electroh'fic  dissociation  described  above.  By  referring  to  the 
table  of  electro-afliuities  on  p,  14,  it  will  W  seen  that  mercury  pos» 
aeasee  a  weak  positive  electro-ailinity,  while  chlorine  is  strongly 
electro-negative. 

Mercuric  chloride  is  chemically  satisfied  as  regards  the  equivalence 
of  the  au-ion  and  kat-ion  composing  it,  yet  on  being  dissi>lved  iu  water, 
the  mercury  is  turned  out  of  its  combination  with  the  .chlorine  by 
the  hydrogen  ions  of  the  watvr,  as  these  possess  greater  positive 
flectro-affinity  than  mercury,  and  thus  il'-fCI'  is  formed.  The 
hydroxyl  ions  of  the  water  then  unite  with  the  mercury,  probaldy  to 
form  (HgOH).     Mercuiy  beiiig  a  feeble  kat-ion,  its  hydroxyl  com- 

*  J.  Walker  :  Ztitsch,  f.  ph^tik.  Oietn.  i,  319  (^889). 
'  K  Arrheniiu  :  ibid.  5,  1  (1890]. 

*  a.  Bredig  :  ibul.  13,  aSg  (1894). 

*  IL  Ley  :  it-id.  30,  193  1.18991. 

*  O.  CohuhiMm  and  H.  Krieger :  SUHacK,/.  Bid.  60,  95  (1900;. 

*  W.  Krb  :  ibid.  61,  309    1901 1. 

*  Liidwik  Bruner  :  Zeitich./.  ptiyiik.  Cfumit,  82,  133  ;  1900). 

*  Wl.  von  Kowalewsky  ;  ZHtKh./.  anurg.  CStomw,  S8,  i  (19001. 

*  Friedrich  Kuhlrausch  :  Zeitsih./.  phj/tik.  Ckimtt,  88,  357  (,1900). 


22 


PHYSICAL   CHEMISTRY 


pounds  dissociftte  only  to  a  slight  extent,  while  hydrogen  chloride 
readily  dissociates  into  Cl'  +  H'  ions,  which  latter  bring  about  the 
acid  reaction  of  watery  subliuoiate  solutions.  Substances  containing 
strong  kat-ions  joined  to  feeble  an-ions  behave  analogously ;  thus 
sodium  carbonate  reacts  with  water  in  the  following  way  : 

Na,C0,+  2H,0  =  sNaOH  +  H.COa 
Na,CO,+  HjO  -  NaOH  +  NaHCO^, 

The  sodium  hydrate  dissociates  freely  into  Na'  +  OH',  the  hydroxyl' 
causing  the  alkaline  reaction  of  sodium  carbonate  solutions,  while  the 
carbonic  acid,  being  a  feeble  an -ion  and   therefore  dissociating  only 
slightly,  does  not  set  free  acid  hydrogen  ions. 

If  A  stands  for  tlie  electro-positive  and  B  for  the  electro-negative 
radical  of  a  salt,  and  H  for  tlie  acid  and  OH  for  the  alkaline  radical 
of  water,  then  hydrolysis  may  be  represented  in  this  way  (Ley) : 

(AB)  +  (H*  +  OHO  =  AOH  +  BH. 

The  tal)lc  of  salts  undergoing  hydrolytic  dissociations  on  p,  24  is 
taken  from  the  work  of  Abegg  and  Herz. 

The  anioxmt  of  hydrolysis  in  different  substances  varies  greatly. 

Accoi-ding  to  Bruner,  as  a  rule  the  chlorides  are  hydrolysed  to  the 
ftreatest  extent,  then  follow  the  nitrates,  and  finally  the  sulphates. 
^Th©  chlorides  of  quadrivalent  metals  are  considerably  hydrolysed ;  thus 
stannic  chlonde  is  almost  completely  decomposed  hydrolytically.  Then 
follow  in  this  order :  ferric  chloride,  aluminium  cbloride,  aluminium 
nitrate,  aluminium  sulphate  (mercuric  chloride),  while  in  solutions  of 
ammonium,  potaysium,  calcium  an(i  magnesium  chlorides  no  hydro- 
lysis occurs,  or  the  amount  is  too  small  to  be  measured. 

Stannic  chloride,  according  to  von  Kowalewsky,  undergoes  hydro- 
lysis according  to  the  formula  SnCl^  +  4H,0  =  Sn(OHj,  +  4HCI.  The 
hydrolysis  of  this  salt,  produced  by  the  course  of  time,  reaches  ultimately 
a  point  of  equilibrium,  owing  to  the  presence  of  the  chlorine  ions 
of  the  hydrochloric  acid  jireventing  a  complete  hydrolysis.  Whilst 
in  this  state  an  inci-ejise  in  the  temperature  also  diminishes  the  ex- 
tent of  hydrolysis  '.  The  chlorides  of  iron  and  aluminium  di8ai>ciate 
hydrolytically  to  the  extent  of  about  5  and  3  percent,,  while  mercuric 
chloride  only  dissociates  to  about  2  per  cent,  into  HgOH  +  aH'  +  CI', 
the  remainmg  98  per  cent,  being  still  in  the  undissociated  state  of 
HgClj.  Kohlrausch  considers  platinum  chloride  to  be  an  oxy-acid  of 
the  formula  HjPtCl,0.  Sunlight  causes  rapid  hydrolysis  of  this 
compound,  and  when  the  limit  of  hydrolysis  is  reached  in  dilute  solu- 
tions, the  greenish-yellow  colour  changes  to  a  bright  orange,  a 
fluorescence  showing  itself  simultaneously,  due  probably  to  the 
formation  of  finely  divided  particles  of  platinic  hydroxide,  the  whole 
of  the  chloi-ine  being  in  the  form  of  H'-|-Cr.  Crold-chloride  is  not 
affected  by  light,  nor  is  stannic  chloride,  but  the  latter  with  time 
undergoes  considerable  hydrolysis. 

'  Non-4Plectrolytes  seem  also  to  interfere  with  tlie  dlnsociation  of  hydroohlorio 
Moid,  probably  by  altering  the  amount  of  the  solvent  at  the  disposal  of  the 
electrolyte. 
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The  percentage  hydrolysis  of  the  hydrochlorides  of  weak  bases  and 
of  weak  acids  is  as  follows : 


HydroMarides  {^  normal),  '^^^  ./» 


Anilin 
P»nito1uidin 
Orthotoluidin 
Uroft 


SalU  qfieeak  aeid$  (dednontutT). 
Potassium  phcoolate  •  3-t 
Potasiiium  cyanide  .  i-t 
Sodium  bj borate  .  .  0-5 
Sodium  actitate    .        ,         001 


The  chlorides  of  egg-white,  according  to  Erb,  dissociate  from  60  to 
80  per  cent,  and  mure, 

Sjdqvist  has  used  the  amount  of  hydrolytic  dissociation  to  measure 
the  relative  strpnglh  of  bnses,  and  the  great  hydrolytic  disfJociation 
of  albuniiu  chloride  shows  how  exceedingly  feeble  a  base  the  organic 
albumin  must  be  as  compared  with  sodium  or  other  fixed  alkalies. 

The  amount  of  hydrolytic  dissociation  of  albumin  is  greatest  when 

sufficient  acid  has  been  added  to  just  give  a  faintly  acid  reaction  ;  any 

further  addition  of  acid  diminishes  hydrolysis  more  and  more,  and 

this  diminution  takes   place  the  more  readily  the  more  dilute  the 

egg-albumin  is  (Erb).    The  following  observations  are  also  intimately 

connected  with  hydrolysis: — Spiro   and   Pemsel   found  that   up   to 

a  certain  point  albumin  will  bind  more  acid,  if  the  acid  be  used 

strong,  and  this  has  been  confirmed  by  Erb,  who  found  that  10  cc. 

of  0'5  percent  pure  vitellin  solution  absorbed  when  treated  with 

o-i  cc.  of  normal  HCl      ....  63  mg. 

O'S  „  „  „■....         176     „ 

1-5  ..  „.,....         aia     „ 

The  maximum  amount  of  hydrochloric  acid  wliich  i  grm.  of 
various  proteids  in  |  per  cent,  solutions  can  bind,  is  given  by  Erb  as 
follows : 

Serum  albumin      ......        004  mg.    HCl. 

VitelliQ 21a    ^        ,, 

Egg-albumin 234   „         „ 

Hetero-albumoite    .  .  ,  .  .  .         3<4    »  >• 

How  the  concentration  of  a  feeble  base  greatly  influences  its  capa- 
city for  binding  acids  was  first  pointed  out  by  Sjoqvrst,  who  states 
that  I  grm.  of  egg-albumin,  if  diluted,  will  only  combine  with  36  mg. 
of  HCl,  while  the  same  amount  of  egg-albumin  in  the  solid  state 
unites  with  120-130  rag.  Erb  found  that,  using  the  same  amount 
of  acid,  the  greatest  capacity  for  holding  hydrochloric  acid  was  shown 
by  ^  per  cent  solutions  of  proteid& 

Substances  which  have  undergone  hydrolytic  dissociation  cannot 
be  titrated  in  the  usuiU  way,  as  the  addition  of  c^iusttc  soda  solution 
to  albumin  chloride,  for  example,  only  leads  to  further  hydrolytic 
changes  an<l  the  liberation  of  free  hydrochloric  acid,  so  that  ultimately 
the  acidity  is  foun<)  as  great  as  if  no  albumin  had  been  present  at  all. 
For  this  reason  recourse  must  be  had  to  special  methods,  such  as 
(t)  the  determination  of  differences  in  the  conductivity  of  solutiona, 
or  (2)  the  study  of  the  amount  of  sugar-inversion  caused  by  the 
preeence  of  acids  according  to  Ostwald's  plan  (Arrhenius  and  Ley), 

(3)  the  salting-out  method  of  Spiro  and  Pemsel ',  or  (4)  the  precipi- 

■  Ztit»ch./.phynil  Ch«m.  20,  833  (1898). 
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tation  method  of  Cobnheim  and  Krieger\  by  means  of  neutral 
cjilciiim-pliosiihotungstiite.  Erb  gives  the  folluwing  directions  for 
making  this  saU  :^A  boiling  4  per  cent,  solution  of  phosphotungstic 
acid  (Keller  and  Co.,  in  Heidelberg)  is  treated  with  calcium  car- 
bonate, till  a  drop  of  the  solution,  after  cooling,  gives  a  neutral 
reaction  with  rosolic  acid.  Great  care  must  he  taken  not  to  add  too 
much  carl>onate,  for  if  the  point  of  neutralization  is  once  exceeded, 
a  subsequent  addition  of  acid  will  not  give  permanently  neutral 
solutions.  Calcium-phosphotuugsttite-f  albumin-chloride  =  nlbuniiii- 
plioaphotungstate-f- calcium-chloride.  After  precipitating  the  albu- 
min with  the  calcium-phosphutungatate  and  filtering,  the  remaining 
fluid  may  be  titrated  with  an  alkali  in  the  usual  manuier,  todf^termine 
how  much  acid  was  taken  up  by  the  aUmnain.  Studying  thp  hydro- 
lysis of  difterent  proteids  in  this  way,  Erb  has  arrived  at  the  result 
that  increased  dilution  of  a  proteid  need  not  of  necessity  produce  an 
Increase  in  its  hydrolysis. 

Table  of  Salts  ukdergoing  Uydkolytk  Disboclation  accobdiko 
TO  Abeqo  Kyro  Herz, 


The  salt  und/rgoing 
disKodation. 


Ammonium 


Potassium 

or 

Sodium 


carlKiiiate 
Hulphicte 
cliromute 
fiarium  carbonate 

ejirlmnate 

sulphide 

pyrobornte 

(borax) 
ehromate 
iQetasilicatd 
dnc«te 
Potassium  (  cyanide 
or        \        or 
Sodium     (  Alumina  to 
Potassium  |  phosphate 


or 


or 
Sodium     (  areenato 
AlumiDium 

or 
Chromium 

nr 
Iron 
Bi"* 
Sb"* 
Ais"' 
8n"  •• 
Hg- 
Cu" 


1  chloride 
or 
sulphate 


with 
nil 

an -ions 


Ita  ordinary  ions. 


fNH,V-t-CO," 

(NH,)/  +  CrO/' 
Ba"      -hCO, 


or 
Na, 

K* 

Na* 

or 
sNa- 


CO," 

S" 

'  CrO," 
SiO," 

+  CN' 

-hAIO,' 

■hPO/" 
■i-AsOt'^ 


CI' 


Al"*  + 
Cr*'*  + 
Fe'"     +  J  SO/' 


Radicals  other  than  the  omnf 
qf  the   $ttU    eontainecl   in 
9oluHon. 


OH',  NHj,  HCOj',  00, 

OH',  NHj,  SH',  H,S 
OH',  NHj,  CrO, 
OH'.  C0» 


OH' 


OH' 


OH' 


H' 


H* 


'  00, 
SH',  HjS 
B(OH)j 

CrO, 
SiO^ 
K  Zn(OH)„  Zn" 

HCN 

AHOH)j 

HPOt" 
^    HAsOt" 

f  All. OH), 

I  CriOH), 

I  Fe(OH), 

[  or  basic  salts 

BiO*,  Bi(OH>s 
Sl»0',  SbCOH), 
As(OH^„  H^AsOj' 
Sn(OH  >„  H8n0/, 

Cu(OH)' 


SnO/' 


'  C<->linlioim  und  Krieger  :  Zeitsch./.  Biol.  GO,  95  (1900). 
'  See  pp.  7a  and  80. 

*  The  OH'-iont*  in  a  barium  carbonate  solution  will  convert  ferri-ions  into  tl 
insoluble  ferri-hydroxide. 
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On  psc\(do-acids  and  pseudo-hoses. 

In  addition  to  the  true  acids  an<l  bases  Just  described  tliere  exist 
)rtain  substances  which  have  been  termed  pseudo-bases  and  pseudo- 
Acids  by  A.  Hiiutzsch,  who  has  formulated  and,  in  collaboration  with 
M.  Kiilb  and  O.  Osswald,  developed  the  following  view : — Pseudo- 
ammonium  basee  are  isoiuei-s  of  true  bases,  but  they  form  with  water 
neutral  solutions,  which  remain  neutral  on  the  addition  of  an  acid. 
The  explanation  offered  is  that  by  the  addition  of  acids  an  intra- 
molecular change  is  set  up  in  the  pseudo-base  by  which  it  is  con- 
verted into  n  true  base,  the  true  base  uniting  witli  the  acid  to  form 
a  neutral  f»»inpound.  Thus  pseudo-bases  can  form  salts  only  indirectly. 
The  intra-molecular  change  just  referred  to  depends  on  tlio  migra- 
tion of  the  hydroxy  1-group  OH,  from  the  carbon  atom  of  a  p<dy- 
valent  radical  R  to  which  it  ia  joined  in  the  pseudo-compound, 
towards  the  nitrogen  atom  of  an  ammonia  radical,  thus : 
IV     ni  IV      V 

HO— R=N  becomes  R=N*— OH'. 

A  pseudo-ammonium  base  can  therefoi*e  be  regarded  as  an  in- 
different organic  hydrate,  for  example  a  carbinol,  which  on  the 
addition  of  an  acid  changes  into  an  organic  base — 

I 
I     m  I       V 

HO— C-N=.  becomes  C=N— OH'. 
I  I       I 

Simultaneously  with  the  conversion  into  true  bases,  Hant/jsch  has 
found  solutions  of  electrically  indifferent  pseudo-compounds  to  be- 
come Conductors  because  of  the  dissociation  of  the  resulting  salt. 

Pseudo-acids,  analogous  to  pseudo-bases,  arc  bodies,  in  themselves 
indifferent  or  very  sli^^htly  acid,  incapable  of  forming  stilts  or  of 
con<lucting  electricity  without  having  undergone  previously  an  intra- 
molecular change. 

The  conversion  of  true  bases  into  pseudo-bases  is  accompanied  by 
a  loss  of  dissociation,  in  consequence  of  which  these  bodies  cease  to 
act  as  electrolytes,  and  therefore  offer  groat  resistance  to  the  flow 
of  the  electrical  current '.  Making  use  of  this  electrolytic  factor 
Hantzsch  and  Kalb  showed  that  the  halogen-alky lates  of  the  acridin 
series  of  dyes  (see  p.  431),  on  being  dissolved  in  water,  behave  at  first 
like  the  strongly  electrolytic  ammonium  bases,  but  that  soon  they 
are  converted  into  the  insoluble  isomeric  non-electrolytes,  1>ecause 
of  the  mignition  of  the  hydroxyl  group  (OH)  from  the  nitrogen  of 
the  ammonia  radical  to  the  carbon  atom. 

The  same  law  holds  good  also  for  many  dyes  of  the  quinone  series, 
containing  the  NH,  group  in  the  quinone  ruig.  These  substances 
on  being  dissolved  in  water  undergo  an  intra-molecular  change,  as 
the  result  of  which  the  hydroxyl  group  (OH)  leaves  the  nitrogen  and 

'  Hftntzsch  :  BcrMttt  d.  Ikutich.  Chem.  Gttttltch.  32,  575  (1899;  ;  ihid,  p.  3066. 
IlADtsch  and  Kalb,  ibid.  p.  3109;  Hantiaeh  and  Ouwkld,  ibid.  83,  978  (1900°). 
Siactf  writing  the  abo%-o  account  the  fuUowing  papora  bare  appuared  :  Hantrach 
aad  BATtli,  ibid.  85,  aio  (igoaj ;  UaulzscL  and  Dollfua,  ibid.  86,  aa6  (1903). 
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goes  to  the  carbon,  converting  the  quinone  into  a  carbinol  derivative ; 
thus  the  coloured,  dissociated,  true  ammonium  base 

>=C<^        ^=yR,— OH  I>ecomea    >  C(OH)— <^^^       ^)>— NR,, 

a  colourless,  undissociated,  juseu do-ammonium  base. 

If  in  ,a  dye,  as  met  with  fur  example  in  the  azonium  group  (see 
p.  414),  no  free  carbon  atom  is  available,  but  only  a  nitrogen  atom 

according    to    the  formula  — N=<^         \=NRj — OH,    then    the 

OH  radical  cimnot  migrate  under  ordinary  conditiona.  Yet  the 
nitrogen,  occupying  a  paraposition  to  that  linked  on  to  the  hydroxyl, 
may  play  an  intermediate  part  in  handing  on  the  (OH)  by  intra- 
molecular interchange  to  a  sulphiu*  group,  to  which  it  stands  in  the 
paraposition.  Having  arrived  nt  the  sulphur-atom  the  hydroxyl 
(OH)  is  converted  by  oxidation  into  0.j. 

In  this  way  methylene-blue  is  oxidized  into  methylene-azur. 


N 


OH 

I 

N 


(CH,),N 


/ 


hacomtt 


\ 


OH  s 

methylene- blue 


NCCH,),  (CH,),N     \/    Y^  ^^\(CH,% 


3. 


(CH,),N  'v, 


4. 


becoftm 


OH  methylene-aEiir 

The  researches  of  Hantzsch  have  also  been  applied  to  the  study  of 
'proteids.'  Spiro  and  Pemsel  {seep.  287),  having  determined  the 
capacity  for  acids  arid  bases  possessed  by  a  number  of  'protei<l' 
substances^  also  found  that  '  proteid  *  solutions  showed  very  slight 
electrical  conductivity,  and  arrived  at  the  conclusion  that  'proteida' 
are  '  bodies  which,  although  charged  electrically,  do  not  ionize,  and 
which  possessing  two  different  electrical  charges  cannot  play  the  part 
of  either  acids  or  bases,  but  yet  have  the  power  of  forming  addition- 
compounds.' 

SjOqvist.  Bugarzky.  and  Liebermann '  have  further  shown  that 
albumin  combines  with  acids  and  bases  to  form  true  saltfl,  obeying 
the  laws  laid  down  by  van  't  HofF  and  Arrhenius  for  ordinary  salts. 


'  For  referencea  conault  p.  887. 
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This  apparent  discrepancy  has  been  solved  by  Cohnheim  and 
Kri€>ger\  who,  applying  the  observations  of  Hautzsch  to  albumins, 
observed  (1)  that  neutral  solutions  of  albumosea  are  not  precipitated 
by  neutral  ulkalnidal  prepipitants  such  as  phoftphotimgstic  acid  or 
tannin  ;  (2)  that  on  the  addition  of  acids  to  neutral  albiimose  solutions, 
those  latter  remain  neutral,  but  that  now  they  are  precipitated  by 
the  neutral  alkaluidtil  precipitants. 

They  offer  the  following  explanation:  *Proteids'  in  neutral  so* 
lutions  are  pseudo-bases,  which  on  the  addition  «f  acids  are  con- 
verted into  true  bases,  and  therefore  become  prectpi table. 

jVlbumiu  chloride  -f  phosphotuugstic  acid  =  phosphotungstat©  of 
albumin  +  hydrochloric  acid. 

Albumin  chloride  +  sodium  phoaphotungstate  =  phosphotungstate 
of  albumin  +  sodium  chloride. 

The  authors  also  believe  that  *  proteida  '  may  play  the  part  of 
•pseudo-acids,'  which  means  that  neutral  solutions  of  'proteids'  on 
the  addition  of  bases  are  converted  into  true  acids,  which  by  unit  big 
with  the  appropriate  amount  of  base  may  give  rise  to  neutral  solutions. 

I  believe  the  study  of  pseudo-comjK»und8  to  l>e  an  exceedingly 
important  one,  not  only  in  connexion  with  questions  of  coagulation 
or  staining,  but  also  from  the  biological  standpoint,  as  owing  to  the 
peculiar  intra-molecular  change  induced  by  acids  or  alkalies,  the 
living  organism  is  enabled  to  still  remain,  within  certain  limits,  a 
neutral  compound.  Its  chances  of  surviving  in  inimical  circum- 
stances, as  far  as  acids  and  bases  are  concerned,  is  simply  dependent 
on  its  pseudo-acid  and  pseudo-basic  nature. 

The  two  following  tables  will  be  referred  to  in  connexion  with  the 
problems  of  congulation. 

Table  of  Atomic  Weights  and  Valencies  of  the  more 
Important  Elements. 


Alunxinion 

\    an) 

3>  4 

AriM-uir 

(74-9^ 

3'S 

Barium 

(•369 

a.  4 

Bismuth 

i«»7.s 

3.5 

Boron 

1,10.9 

3,  5 

Br*>nuno 

k79^8) 

1,3,5,  7 

Cali-iuiu 

'39-9) 

a 

C*rl>rtn 

(la) 

a,  4 

Chlorine 

(35'4l 

I.  3.  5.  7 

Chromium 

i5a-5) 

3,4.6 

Cubalt 

(58.6) 

a,  4 

CopfHT 

(63-2) 

9.  1 

Fl  Mori  HO 

(19-1) 

1 

Gold 

1196  a) 

'•3 

Hjfdrng«n 

'«) 

I 

lodloD 

1.  ia6.5) 

«,3.  5t  7 

Iridium 

ii9»-5} 

a.  4.  6 

Iron 

(55-9' 

a,  3,  4,  6 

Le*d 

(ao6.4> 

a,  4 

Lithium 

(7.1 

1 

ll»gue»!uni  ^93-9) 

a 

Manganese  (54-8) 
Mercury        (199.8) 
MolyMenum    95-91 
Nitrogen       (,14) 
Oamium        (195  J 
Oxygen         {16 
pAltadium    (io6a) 
Pliospiioru»i3i) 
Platinum     i  X94'3) 
Potassium    (39y 
Ruth«>bium  (los-s) 
Silver  (107.7) 

Sodium         (93) 
Strontium    (87.3  j 
Sulphur 
Tin 

TuDgnton 
Uranium 
Vunndium 
Zinc 


(3a 
(«'7-3 

(1836  ,. - 

'339-8;  4,  6 

.5«  «!  3.5 

.64.9)  a 


a,  4.  6.  8 

I.  a 

a.  4.  6.  B 

3.5 

a,  3.  4.  8 

a.  (4) 

a,  4.6 

5 

9,  4,  6 

I 

a,  4.  6,  8 

I 

I 

a 

a,  4,  6,  8 

a.  4 

4.6 


>  O.  Cohnheim  and  H.  Krieger :  ZfittcA./.  Biti.  40,  95-116  (rgoo). 
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Table  of  Moleculab  Weights  and  Satubations  of  Salts  in 
GoMMOK  Use. 


Name  of  salt. 

Its  c?iemical 

Molecular 

Cdd 

100"  C. 

formula. 

weight. 

saturated. 

saturated. 

Ammonium  sulphate    .     . 

(NH.),S04 

raa 

76.8 

97-8 

Hftgnesium  sulphate     .     . 

MgSO*  +  7H,0 

346-3 

358 

71-43 

(Epsom  salt) 

Potassium  sulphate  .    .     . 

K,SO« 

174 

ia.5 

35 

Sodium  sulphate  .    .   ^     . 

NajS04+ioHjO 

Saa 

5 

435 

(Glauber's  salt) 

Mercuric  sulphate     .     .     . 

Hg^O, 

496 

slightly 

decomposed. 

Sodium  chloride   .... 

NaCl 

584 

35 

39-5 

Mercuric  chloride      .     .     . 

HgCl, 

370-6 

7 

54 

Zinc  chloride 

ZnCl, 

136 

300 

very  soluble. 

Stannous  chloride     .    .     . 

SnGl,  +  aHaO 

aas 

371 

decomposes. 

Stannic  chloride  .... 

SnClf 

a6o 

readily  decomposes  in 
water. 

Strontium  chloride  .    .     . 

SrCl,  +  6H,0 

366.5 

44  at  0° 

117  at  118° 

Barium  chloride  .... 

BaCli  -1-  aHaO 

244 

33-4  at  10° 

60  at  104° 

Potassium  chloride    .    .     . 

EGI 

74-5 

33 

566 

Aluminium  chloride     .     . 

Al,Cl,+  iaH,0 

365 

400 

very  soluble. 

Mercurous  nitrate     .    .    . 

Hg,CNO,), 

534 

slightly,  ^excess  of  water 
forms  the  basic  salt. 

Mercuric  nitrate  .... 

Hg(NO0, 

334 

decomposes  to  basic  salt ; 
10  per  cent,  solution 
obtained  in  3  percent, 
nitric  acid. 

~*  Potassium  acetate .    .    . 

KC,H,0, 

98 

97-844  if  made  with  hot 
water  and  allowed  to 
cool. 

Copper  acetate 

Cu(C,H,0,),  +  Hi,0 

199 

0-76336  1            ao 

Lead  acetate 

Pb(C,H,0,).=3H,0 

3844 

apt  to    decompose  into 
basic  salt. 

Potassium  chromate      .     . 

KjCrO* 

i94'5 

50 

60 

Potassium  bichromate  .     . 

K,Cr,OT 

395 

io-4i67 

100 

Potash  alum 

K,S04  +  A1,(S0«), 
+  a4H,0 

948 

9-5 

357 

Ammonia  alum    .... 

A1,(S04),  +  (NH,),80, 
•f  a4HtO 

904-4 

9 

433 

Potassium  permanganate  . 

KMnOt 

158 

6.4516 

very  soluble. 

CHAPTER  III. 

On  Colloids  and  Coagulation. 

Short  ECistorical  Aoootmt. 

Thomas  Graham^  in  1861  was  the  first  to  make  a  thorough  in- 
vestigation of  certain  substances  which  are  unable  to  pass  through 
animal  bladders  or  vegetable  parchment,  because  of  the  large  size  of 
their  molecules.  A  substance  having  this  property  Graham  termed 
a  colloid,  and  showed  that  it  may  occur  in  one  or  more  of  the  following 
states  : 

*  Graham  :  Philos.  Trans.  151,  183  (1861). 
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1.  As  a  fluid  mixture,  or  'sol ' ;  a  watery  mixture  being  called, for 
example,  a  hydrosol. 

2.  As  a  firm  mixture,  or  *gel';  thus  ordinary  gelatin-jelly  is  a 
hydrogel  of  gelatine. 

3.  As  a  solid  ;  for  example,  as  dry  silicic  acid  or  glass. 

Graliam  having  noticed  that  colloidal  solutions  are  disintegrated 
hy  the  addition  of  salts^  that  is  by  electrolytes,  also  observed  that 
they  were  altered  by  heat.  He  called  the  solid  constituent  of  gels, 
which  coutracte  on  heating,  the  clot,  and  the  exuding  liquid,  the 
serum. 

Hans  Schulze  ^  in  1882,  when  experimenting  with  colloidal  solu- 
tions of  arsenic  Irisuiphide  and  antimony  sulphide,  found  that  in 
addition  to  acids  and  salts  the  coagulation  of  the  colloid  was  also 
greatly  influenced  by  temperature,  mechanical  movements,  and  time. 
Some  of  the  substances  which  were  tried  failed  to  produce  coagulation, 
for  example,  carbonic-,  boric-,  arsenious-,  tartaric-,  benzoic-,  salicylic- 
acids,  chloral  hydrate,  cane-sugar,  glycerin,  and  absolute  alcohol ; 
while  others  coagulated,  but  vr\i\x  greatly  varying  intensity. 

Thus  I  milligram  of  ferric  chlnride  coagulates  1,000  milligrams  of 
arsenic  trisulphid^,  while  I  milligram  of  potassium  chloride  can 
throw  down  only  2-74  milligrams  of  As.,S.,.  As  there  exists  no 
relationship  between  the  molecular  weight  «>f  the  coagulant  and  its 
power  of  causing  coagulation,  Schulze  comes  to  the  conclusion  that 
the  coagulation  of  a  colloidal  substance  does  not  depend  on  chemical 
interaction. 

But  notwithstanding  the  absence  of  chemical  action  a  definite 
relationship  between  the  effect  produced  and  the  nature  of  the 
coagulant  was  apparent ;  thus  strong  inorganic  acids  with  great  avidi- 
ties brought  about  the  greatest  changes,  while  nothing  resulted  from 
adding  carbonic  acid,  boric  acid,  or  arsenious  arid.  Similarly,  organic 
acidn.  almost  without  expeption,  did  not  coaguhito  As,^03. 

With  these  data,  Schulze  was  forced  to  come  to  the  conclusion 
that  '  the  cofigulating  power  of  a  salt  is  determined  primarily  by  the 
nature  of  the  metjtl,  and  only  occasionally  and  to  a  slight  degree  by 
the  nature  of  the  acid ' ;  for  "  the  salts  of  one  and  the  same  metal  show 
as  regards  their  coagulating  power  only  slight  ditYerences,  immaterial 
whether  the  acid  be  organic  or  inorganic,  whether  it  possess  strong 
or  only  feeble  coagulating  powers.* 

The  relative  eoagulative  power  of  mono-,  di-,  and  trivalent  metals 
as  I  :  30  :  1650.  Alkali  salts,  being  monovalent,  for  this  veiy 
>n  coagulated  least ;  double  salts,  containing  metals  of  different 
icy,  l>ehaved  as  if  only  the  metal  with  the  higher  valency  had 
.present  ;  thus  ammonium  ferrous  sulphate  reacted  like  ferrous 
sulphate,  and  alum  solutions  l>ehaved  as  would  do  the  trivalent  metal 
contained  in  them  if  it  were  in  the  form  of  a  simple  salt.  The  ferri- 
and  ferro-corapounds  of  potassium  cyanide  did  not  act,  however,  as 
^double  salts,  but  behaved  as  potash  salts.  Chlorides  were  found  to 
lave  a  higher  precipitating  power  than  nitrates  and  sulphates,  and 

'  Schulze  ;  •  Schwofolftraen  ia  wlasriger  LOsung,*  Joum.  /.  prakL  Chemitf  25,  431 
(1883),  and  2tf,  320  (.1883). 
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the  oxalate  and  tartrate  of  potaaslum  to  be  even  more  powerful 
coagulators  than  the  sulphates. 

Franz  Hofmeister '  in  1886  found  that  the  precipitating  power  of 
salts  to  a  certain  extent  diminisiied  with  increasing  molecular  weight, 
and  that  for  accurate  comparison  of  salt  solutions  it  was  necessary  to 
have  for  each  molecule  of  the  salt  an  equal  number  of  water  mole- 
cules and  in  the  Hame  volume.  The  former  requirement  is  fulfilled 
by  dissolving  i  gram  molecular  weight  of  the  salt  in  1,000  grams  of] 
water,  while  the  latter  requirement  is  attained  by  disaolving  i  gram 
molecular  weight  of  the  salt  in  1,000  cc  of  water.  A  salt  solution 
made  up  according  to  the  former  principle  commenced  to  produce 
coagulation  of  albumin,  globulin,  and  gelatin,  when  used  in  the 
following  strengths: 


Strum  gliibulin. 

Egg-albumin. 

Gdatin, 

Sodium  chloride 

4>02 

390 

516 

PotuHsium  tOiloride 

3-9' 

394 

Btxiium  nitrttt« 

673 

664 

7.81 

The  nitrates  and  chlorates  precipitated  leas  than  the  chlorides. 

It  was  suggested  by  Hofmeister  that  coagulation  mth  neutral  salts  j 
is  due  to  an  abstraction  of  water  from  the  albumin  molecules,  as  the 
salt  haa  a  greater  affinity  for  the  water  than  has  the  proteid. 

Prost  *,  in  1887,  working  with  cadmium  sulpiride,  confirmed 
Schulze's  observations.  He  pointed  out  that  the  coagulating  salt  was 
dissociated  to  a  small  extent  and  that  the  metal  became  included  in 
the  coagulum  ;  that  no  relation  exists  between  the  molecular  weight 
of  acids  and  salts  and  their  coagulative  power ;  that  the  metallic 
radical  is  the  determining  factor,  and  that,  generally  speaking,  the 
acid  radicals  do  not  produce  any  effect,  but  that  acid  salts  doagulata , 
more  vigorously  than  neutral  salts. 

Michailow',  in  1887,  distinguished,  firstly,  between  true  coagulation 
due  to  ferment  action  and  heat,  after  the  type  of  etherification,  or 
what  amounts  to  the  same,  the  type  of  formation  of  polyhydrosilicates, 
polyhydroaluminates,  and  polyglycols,  and,  secondly,  psoudo-congula- 
tion  after  the  type  of  degelatination,  owing  to  the  loss  of  the  water 
of  crj'stallization  and  the  water  of  hydration  (constitutional  water). 
The  coagulating  action  of  salts  on  proteids  is  dei>endent  on  the 
strength  of  the  acid  and  the  alkalinity  of  the  base  contained  in  the 
salts.  In  any  given  salt  the  acid  radical  is  least  affected  by  NH,  and 
most  by  Na  and  K,  and  therefore,  using  different  acids  joined  to 
Mendeljejeft"s  first  group  of  metals  and  its  analogues,  the  absolute 
maximum  effect  is  produced  by  (NHJjSO,,  the  relative  maximum  by 
NH^NO,,  the  aljsolute  minimum  by  KCl,  and  the  relative  minimum 
by  K..SO<.    The  action  of  the  salt  is  quite  independent  of  its  solubility. 

Lewith*,  in  1888,  determined  the  coagulating  power  of  differeut 

*  Hormeister :  *  Zur  Lehre  v.  d.  Wirkung  d.  Salze,*  Atch.  /.  experim*  PatK,  «. 
Pharm.  {1886). 

»  Prnst :  BuU.  d.  VAcad.  Roy.  d.  Sc  de  Bdg.  (3)  H,  31a  (1887). 
'  Wlad.  Michailow  :  !tum.  rwuk,  fix.  chim.  obsi.  10,  i.  331,  333  (May  7)  ;  Abstraet 
in  Chrnn.  Cenlralhl.  18.  1088  (1887). 

*  Lewitb  :  '  Zur  Leiire  v.  d.  Wirkung  d,  SnUe,'  Arch./,  experim.  PatM.v.  Pkarm. 
24,  X  (il 


t^JElVS  OF  LEWITH 


31 


salts,  and  showed  at  what  concentration  globulin  and  idbumin  com- 
mence and  cease  to  be  precipitated  (see  table  below],  lie  pointed 
out  that  the  solubility  of  suits  and  th^ir  coagulating  power  do  not 
run  {Mirallfl,  and  that  th^  solubility  of  a  salt  ia  only  of  iuiportance 
inasmuch  as  certain  salts  cannot  develop  tlieir  coagulating  capacity 
because  of  their  insolubility.  'The  two  exceptionally  powerful  salts, 
namely  ammoniura  sulphate  and  potassium  acetate,  are  inferior  to 
other  sjilts  as  regards  globulin  precipitation.  In  this  connexion 
it  is  surprising  that  the  sulphates  and  acetates  are  amongst  salts 
the  most  vigorous  precipitants,  that  next  come  the  chlorides,  and 
finally  the  nitrates.  This  seems  to  point  to  the  acid  component  of 
u  salt  being  the  determining  factor  as  regards  the  coagulation  of 
albumin.' 

It  will  be  seen  that  Lewith  arrived  at  the  diametrically  opposite 
view  to  that  of  Schulze  (p.  29). 

Tablk  ikdicating  what  Salts  do  (  +  )  or  do  hot  (— )  coagulate 

PrOTEIDS   (CONSTHCCTED    FBOM    LeWITh's   ACCOL'NT). 


Sodium.. 


Ammu- 


slum. 


Cutcium.     Barium. 


Acetate  . 

Chloride 

Nitrate    . 

Phosphate 

Sulphate 

SulphoeyaiiKte 

Iodide 

Bromide . 

Cbronuite 

Bicarbonate 

Lime  salts  occupy  amongst  the  alkalies  and  alkaline  earths  a 
peculiar  position,  as  they  lead  to  the  formation  of  insoluble  pre- 
cipitates. 

The  effect  of  saturated  salt  solutions  on  proteids  is  as  follows  : 

Effett  on  proUid. 
complote  precipitation  of  all  proteida. 
complete  precipi(ati>>n  <>f  all  proteida. 
int'omplet«>  glolmlin  precipitation. 
iNintfiU'k'  gliiliLilin  prt^cipitatioD. 
no  precipitatioD. 
inounipletc  glubulin  precipitation. 

It  is  evident  that  saturated  solutions  behave  quite  differently 
according  to  the  nature  of  tlie  salt.  If  we  multiply  the  soluljility  by 
the  molecular  weiLiht  (see  table  on  p.  28),  we  find  that  ammonium 
sulphate,  potassiuui  acetate,  and  magnesium  sulphate  agree  in  giving 
liiirh  figures  as  compared  with  sodium  chloride:  but  potassium  sul- 
phate does  not  coagulate,  although  it  gives  a  higher  figure  than 
BcwJium  sulphate. 

The  limits  of  concentration  necessary  to  precipitate  globulin  and 
albumin  from  a  one  per  cent,  white  of  egg  solution^  or  in  other  words 

'  Sodium  phosphate  and  chlorate  coagulate  onljr  slightly,  while  potaaaium 
ehl«rat«  doe*  not  coagulate. 


SaU. 

Solubilitif. 

Potaaaium  ncet  Ate , 

97844 

Ammoniun)  sulphatti    . 

76.8 

Sodiani  chloridn    .         , 

35 

Mann^'sititn  N\ilphi«t« 

35-8 

Pc*ta»»iuiu  sulpliatu 

"5 

Sodium  aulpbate  . 

5 
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the  percentage  of  salt  at  which,  in  an  approximately  i  per  cent, 
proteid  solution,  precipitation  commences  and  terminates,  has  been 
ascertained  by  Lewith  : 


Glubutin  precijnfalion 


Albumin  precipiUition 


commences. 

ienninaUs. 

tommencea. 

ttnmnatta 

AmmoBium  sulpbate        14-2 

33.1 

33-6 

47.2 

Potauinm  aeetate     .        17-6 

35a 

64.6 

+  8afl 

Magnesium  sulphate         16.9 

aS-7 

Ostwald '  in  1885,  and  Patemf)'  in  1889,  first  pointed  out  that  col- 
loidal solutions  were  in  fact  not  solutions  at  all,  but  mere  suspensions. 

Barus  and  Sehneidpr  ^  in  i8gi,  when  psperimenting  with  colloidal 
silver  sohitiong,  observed,  on  adding  to  the  solution  small  amounts 
of  hydrochloric  acid,  that  metallic  silver  was  deposited,  while  the 
addition  of  larger  amounts  of  HCl  led  to  the  formation  of  silver 
chloridf.  They  also  found  one  molecule  of  the  acid  to  exert  a 
measurable  effect  in  the  presence  of  10  to  50,000  molecules  of  water. 
Generally  speaking,  the  rate  of  sedimentation  of  a  colloid  depends  on 
the  amount  of  its  dilution,  for  the  greater  the  dilution  the  more 
quickly  does  the  colloid  settle,  and  also  on  the  temperature,  as  heat 
diminishes  the  viscosity  of  the  fluid*. 

Colloids  are,  however,  not  kept  in  suspension  merely  by  the  viscosity 
of  the  solvent,  as  wjis  shown  by  suspending  the  same  substance 
(tripoli  powder)  in  different  substances,  the  viscosities  of  which 
varied,  and  then  comparing  the  rate  of  sedimentation  in  these  fluids 
with  their  ratio  of  viscosity,  thus : 

Ether.         Alcohol.         Water. 
Rate  of  Bodinventation        .     7500  1300  3 

Ratio  of  nbBoIut^  Tiscositios    000a         ooia  o-oio  5 

In  studying   the  laws  of  mechanical  sedunentatioQ' 
Schneider  use  the  formula  : 


Ghjctrin. 
0.09    [io-«,c— J 


Barus  and 


X  ^ 


9  V 


r"  (/J— p')  g  where 


X  =  rate  of  subsidence  of  the  particle 

J]  ■=.  viscosity  of  the  suspending  medium 

p  =  specific  gravity  of  the  particle 

p'  =  specific  gravity  of  the  suspending  medium 

r  =^  radius  of  particle 

g  =  acceleration  of  gravity. 
In  other  words,  the  rate  of  settlement  increases  as  the  square  of 
the  dimensions  of  the  particle,  and  as  the  difference  in  density  between 
the  particle  and  the  medium,  and  inversely  as  the  viscosity. 

*  Ostwald  :  l^rh.  d.  aUg.  Chan.  1,  527  (1885I. 
■  Patemb  :  Zeitach.f.  phytik.  Chem.  4,  457  (I889^. 

*  C.  Barus  and  E,  A-  Schneider :  ZfiiscKf.  physik.  Chem,  8,  378  (1891"), 

*  A  detailed  account:  of  changea  produced  in  the  Tist'oaity  of  water  :  i^  5,  10 
and  ao  jut  cwnt.  Bodium  chl*iridt>,  and  r,  5,  10,  30  and  40  jx^r  cent,  cane-sugar 
BolutionH  by  alterations  in  temperature  from  o'  to  90"  C,  is  given  byR.  Hosking  : 
PhiL  Mvuj.  (5),  4»,  374-286  (1900). 

"  Kirohhoff :  MaOi.  Physik,  a6.  Yorlasong,  §  4  (1876), 
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It  h&9  been  shown  above  that  x  does  not  stand  in  any  relation 
to  7} ;  pycnometrio  determinations  of  tripoli  and  cJay  suspended  in 
water  and  ether  showing  that  p— p'  is  constant,  the  only  variable 
is  r.  Hence  Barua  and  Schneidwr  conchido  that  the  same  number  of 
particles  aggregate  in  different  solvents  into  mafises  differing  greatly 
in  size,  the  mf'an  radius  p  for  each  solvent  'depending  on  the  mutual 
chemical  relationship  of  any  particular  solvent  and  the  suspended 
solid.' 

It  is  suggested  that  colloidal  particles  may  consist  of  only  i,ooo, 
or  loo,  or  even  lo  molecules,  and  that  each  particle  is  surrounded 
by  a  definite  water-jacket  or  mantle,  which  latter,  if  the  concentration 
is  sufficiently  great,  will  touch  one  another  or  allow  their  spheres 
of  action  to  intersect,  there  being  formed  in  this  manner  a  kind  of 
framework  of  water-jnckets,  each  jacket  contfiining  in  its  interior 
a  solid  particle,  and  thus  keeping  the  particles  separate  and  sua* 
pended.  Any  factor  leading  to  a  W"ith<Jrawal  of  this  mantle  will 
allow  the  particles  to  come  together,  and  thereby  to  form  still  larger 
aggregates.  An  electrolyte,  for  example,  by  surrounding  itself  with 
a  mantle  of  water  is  supposed  to  withdraw  water  from  the  suspended 
particles,  which  thereby  become  surrounded  by  a  thinner  jacket,  and 
in  consequence  are  more  apt  to  aggi'^gate. 

Picton  in  18^'  divided  arsenic  sulphide  AsjS,  solutions  according 
to  their  physiciil  state  into  four  classes,  which  he  called  a,  /3,  y  and  ^. 
The  a  solution  is  termed  a  pseudo-solution,  because  under  a  magni- 
fication of  1,000  diameters,  the  fluid  is  seen  to  contain  crowds  of 
minute  suspended  particles  in  rapid  Brownian  movement.  The 
^— ASjS,,  forming  the  transition  to  the  y—  variety,  is  composed  of 
particles  so  small  as  to  Ijo  microscopically  invisible.  The  y— A8,S, 
differs  from  the  a  and  /}  variety  in  diffusing  and  exerting  osmotic 
pressure,  but  it  cannot  be  filtered  through  a  porcelain  filter  without 
the  solid  separating,  while  ^— AsjSj  contains  sulphide  particles  of  so 
small  a  size  as  to  pass  readily  through  the  filter. 

Picton  and  Linder  1 1892)  state  thai  such  pseudo-solutions  as  those 
just  referred  t<>,  namely  u—Aa^S,,  could  be  converted  into  true  solutions 
*  by  carrying  the  subdivision  further  and  further,  till  finally,  perhaps, 
we  may  have  the  svibstance  dis.sc»ciated  into  iona'  The  authors  used 
Tj'ndall's  ex]>eriment  for  determining  whether  particles  were  in 
suspension  in  the  fluids.  The  experiment  consists  in  sending  a  beam 
of  limelight  through  a  solution,  when  if  particles  tie  present  the 
beam  of  light  stands  out  vividly  in  the  solution,  and  the  light,  being 
refracted  when  examined  with  a  Nicol's  prism,  is  found  to  be  com- 
pletely polarized  ^ 

The  chief  points  brought  out  by  the  paper  are  : 

(i|  Silicic  acid  in  the  presence  of  HCl  gives  negative  results  with 
Tyndall's  experiment,  hut  in  the  absence  of  acid  the  silicic  acid  soon 
undergoes  some  change  by  means  of  which  an  aggregation   inti> 


»  HnroUl  PicftOQ  :  Jwm.  Ch«m,  Sot.,  51,  137  (189a). 

'  l'r»tige  (Aee.  da  trav.  eliim,  dM  Pay»-Bat,  9,  135)  was,  I  beliove,  tliv   flrsl  to 
sppJ jr  Tj  ndall's  teit  to  colloids. 

mum  S 
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particles   is  broughi   about,   and  now  Tyndall's  experiment   gives 

positive  results. 

{2)  On  pissing  an  electric  current  through  water  containing  sub- 
stances varying  in  their  character,  some  jfor  example  freshly  prepared, 
strongly  diffusible  arsenic  sulphide)  are  rejielled  'as  an  unaltered 
whole '  from  both  poles,  but  much  more  from  the  negative  than  from 
the  positive  electrode.  By  this  repulsion  the  fluid  near  the  negative 
pole  becomes  quite  clear,  but  on  interrupting  the  current  the  colloids 
again  diffuse  into  the  clear  liquid.  A  solution  of  shellac  in  alcohol 
dropped  into  water  l>ehaves  similarly  to  AsjS,,,  while  ferric  hydrate 
and  haemoglobin  are  repelled  from  the  positive  pole.  An  analogous 
phenomenon  was  previously  obsei-ved  by  Porret,  namely  tliat  on 
passing  a  current  tlirough  acidified  water  divided  into  t\vo  parts 
by  a  septum,  the  level  of  the  water  rises  on  that  side  of  tlie  septum 
at  which  the  negative  electrode  is  immersed, 

(3)  The  following  crystallizable  solutions  reveal  molecular  aggre- 
gates large  enough  to  be  detected  by  Tjoidall's  method  :  FeiTic  hydrate 
in  ferric  chloride  (said  by  Ramsay  to  crystallize  as  gFsjOj,  FeClJ, 
oxyhaemoglobin,  and  carbonic  oxide  haemoglobin. 

Bodllinder  in  1893 '  was  the  first  to  point  out  the  great  difiFerence 
in  the  behaviour  of  electrolytes  which  do,  and  non-electrolytes  which 
do  not,  '  coagulate  '  colloidal  solutions. 

Picton  and  Linder in  1895 -confirmed  Schulzo's  general  conclusions 
(p.  30).  They  also  found  trivalent  metals  to  have  the  highest  coagu* 
biting  power,  while  bivalent  metals  had  about  -^^  and  monovalent 
ones  less  than  ^\^  the  efficiency  of  the  trivalent  metals.  An  analogous 
difference  Wiis  observed  if  the  valency  of  the  same  metal  varied,  as  it 
does,  for  example,  in  iron  salts  in  which  the  ferro-ion  is  divalentv, 
while  the  ferri-ion  is  trivalent.  Silver  and  thidlium  (in  thalloua 
salts)  however  fall,  although  trivalent,  into  the  same  group  as  copper 
and  the  bivalent  metals,  while  the  divalent  mercury  and  lead  behave 
as  trivalent  metals  along  with  aluminium  and  iron.  Thus  i  mole- 
cule of  aluminium  chloride,  AlCl,,  has  the  same  coagulating  power 
as  5-32  molecules  of  sublimate,  16  molecules  of  cadmium  cliloride,  or 
750  molecules  of  sulphuric  acid.  Expressed  genei-ally  this  means 
that  the  molecular  coagulating  power  of  a  salt  is  inversely  pro- 
portional to  the  number  of  molecules  which  are  required  to  produce 
coagulation. 

If  to  produce  coagulation,  different  salts  of  the  same  group  are 
added  successively,  then  their  effect  is  additive,  but  such  is  not  the 
case  with  salts  of  different  groups-  According  to  these  authors,  it 
is  probable  that  the  power  which  metallic  salts  have  of  producing 
coagulation  depends  entirely  on  the  metal  or  positive  radical. 

Further,  that  the  eoagulative  power  depends  on  the  amount  of 
dissociation  of  the  coagtdating  agent  seems  to  be  shown  by  the  fact 
that  acids  which  undergo  a  ready  dissociation,  namely  HCl,  HBr, 
HI,  HNO,  and  H.^SOj,  have  a  considerably  greater  eoagulative  power 
than,  for  example,  oxalic,  phosphoric  and  arsenic  acids,  which  dia- 

'  Bodlander  :  Zeitsch.  /.  physik.  Chem.  12,  685  {1893). 
*  Picton  and  Liiidor  :  Cham.  Joum.  67,  63  (1895). 
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80ciat«  less,  while  some  acids,  such  as  tartaric,  succinic  or  acetic  acid, 

do  not  coagulate  arsenious  sulphide  at  all. 

Thus    the   'equivalent   coa^ulative   power'  {c)  seeius  to  be   pro- 

portiooal  to  the  nuin!>er  of  free  ions  x  in  the  solution  from  which 

a  second  suhstauce  c«>ngulates  and   to  some  eonstunt  0,  dependent 

on  the  nature  of  the  positive  radical  in  the  salt  employed.    Therefore 

e       X  6 

-^=  rr^»  where  c  and  c'  are  tlie  equivalent  coagulative  powers  of 

two  salts,  while  $  and  S^  are  coustantH  depending,?  on  the  metals,  and 
X  and  3^  are  proportional  to  the  numlter  of  salt  molecules  dlBSociated 
into  free  ions  {x  and  x^  being  calculated  from  the  electrical  con- 
ductivities).     For  salts  of   the  same  mfital   ^  =  6'   and   the   above 

equation  becomes  —  =  — ^  • 

The  molecular  conductivity  of  a  salt,  according  to  Kohlrausch,  is  of 
the  form  ft  =  x  (w  +  r)  where  /i  =  moletrular  conductivity,  a:  =  pro- 
portion of  the  electrolyte  dissociated  into  ions,  and  it  and  v  —  velocities 
of  the  migrating  ions.     Therefore  the  molecular  conductivity  of  two 

salts  is  expressed  thus  ^=  — p-— — j-,  and  the  coagulative  jjower  is 

controlle4i  by  the  number  of  free  positive  ions  in  the  solution  of  the 
colloidal  arsenious  sulphide. 

Table  comfariko  the  relative  Equivalent  Moleculab  Cokducttvi- 

TIKS,  MC,  AND  COAOULATIVE  PoWERS,  CP  {AFTER  PlCTOW  AND  LiKDEr). 


Potanium. 

n^rof/en. 

Sodium. 

Antnumium. 

MG 

CP 

MC 

CP 

MC 

CP 

MC 

CP 

Chlorine    . 

Bfx>mlne  ,         . 

Iodine 

NO,  .... 

SO.    ...         . 

1^7 
i.o8 
i.o8 

0'85 

107 
104 
1-04 
i<oo 

085 

094 
099 

I-Ot 
{•OO 

o-6a 

0.98 
1-03 

I-OO 

t-oo 
0-63 

105 
1.06 
1.05 
too 
0^3 

ro7 

.105 

0-93 
t.c» 
o-8t 

1  oa 

I-IO 

109 

I-OO 

O'Sa 

119 

I-OO 

I  00 

I-OO 

0.77 

Pictou  and  Liuder  also  demonstrated  by  optical  tests  that  an 
iiicrease  in  the  size  of  colloidal  particles  takes  place  when  the  point 
of  coagulation  is  neared,  although  the  hydrosoi  may  not  be  decom- 
posed, and  they  say:  'There  is  a  reaction  other  than  mechanical 
between  solvent  and  solid  even  in  these  cases  of  colloidal  solution.' 

Von  Bemmelen  in  1897'  continued  his  earlier  work*  on  the 
composition  and  properties  of  inorganic  colloidal  oxides,  such  as 
the  hydrogels  of  SiO„  SnO,,  MnO„  A1,0„  I'XO,,  CtjO,,  BeO,  MgO, 
CuO ;  their  powers  of  absorbing  acids,  bases  and  salts,  and  their 
transition  into  crj'stalline  true  hydrates. 

He  considers  all  gels  as  precipitation  membranes,  which  agree 
_with  organic  tissues  in  being  composed  of  a  micellar  meshwork' 

'  J.  M.  T.  Bemmelen  :  ZeUaeh./.  anwg.  Chttn.  13,  333  (1697): 
'  J.  M.  ▼.  Bemmelen  -.   ibid.  5,  466  (1693). 
*  NMgeli'a  term  of  mioolla  moana  an  aggregation  of  molecule*. 
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of  amorphous  particles,  which  imbibe  and  enclose  fluid.  Such 
colloitiS  inny  be  aoJiydrous  substances  or  chemical  hydrates,  as  is, 
for  example,  magnesia,  which  in  its  colloidal  state  is  MgO,  HjO^ 
The  water  whicli  has  been  imbibed  von  Bemmelen  believes  to  be 
not  in  chemical  union  with  the  colloid  but  simply  absorbed,  the 
hydrosol  being  not  a  true  solution,  subject  to  gaseous  laws,  and 
the  gel  not  a  'solid  solution ^'  A  gel  consists  thus  of  colloidal 
particles,  each  of  which  is  surrounded  by  its  own  water-jacket  j  the 
radius  of  each  mantle  varying  with  temperature,  dilution  and  com- 
position of  the  geh 

A  gel  which  has  been  dehydrated  may  either  be  able  to  pass  again 
into  the  gel  and  sol  conditions  by  the  absorption  of  water,  or  the 
properties  of  the  gel  may  be  altered  permanently  by  dehydration, 
and  then  traces  of  either  acids  or  alkalies  are  needed  to  *  peptonize  * 
the  gel. 

In  1898  von  Bemmelen'  stated  that  gel  formation  is  not  com- 
parable to  the  hardening  of  a  gum-solution  which  depends  on  the 
evaporation  of  water,  but  that  it  has  a  great  resemblance  to  the 
foams  made  l.>y  BtUschli,  who  mixed  olive  oil,  water  and  potassium 
carbonate,  ur  to  the  foams  mad©  by  Krafft,  who  combined  the  col- 
loidal watery  solutions  of  an  amide  of  tht?  higher  fatty  acids  with 
an  inorganic  acid  (for  example,  the  hydrochloride  of  hexadecylamiiij 
C,H,s-NHvHCl),  or  who  united  a  higher  fatty  acid  with  an  organic 
base  (for  example,  methylammonium  pahnitate}. 

No  transition  existing  between  the  sol  and  the  gel  state  com- 
parable to  A  semi-solid  gum-solution,  the  phenomenon  of  gel  formation 
or  coagulation  is  likened  to  the  separating  out  of  the  colloid  as 
a  more  or  less  insoluble  foam,  which  includes  in  its  interstices  and 
cavities  the  solvent.  The  seimration  of  the  solvent  and  the  colloid 
is  termed  '  Entmisehung '  or  denxixing,  or,  as  Miuehin  *  translates  il^ 
'  desolution.' 

By  a  careful  comparison  of  the  amount  of  water  contained  in 
jellies  with  the  vapour  pressure  they  exert,  he  arrived  at  the  con- 
clusion that  the  fluid  and  the  solid  portions  of  a  gel  cannot  'be 
considered  as  two  phases  in  the  sen^^e  of  the  phase  rule,  since  there 
is  no  sharp  line  Ijetween  them,  and  he  therefore  concludes  that  the 
phase  rule  cannot  be  employed  to  elucidate  the  phenomenon.'  'The 
curves  of  the  equilibrium  points  are  gradually  bending  lines  if  the 
dehydration  of  the  gels  is  sufficiently  slow ;  but  if  dehydration  is 
rt-latively  rapid  there  is  a  sudden  change  of  direction,  when  the 
water  content  is  very  much  diminished  ^' 

Bredig  (1898)*  prepared  colloidal  solutions  of  gold,   silver,   and 

*  See  alsoW.  PascUeles  (Pauli)  P/Iugftr's  Arch.  77,  aig  (1B97J  ;  O.  Biitschli: 
Ytrkandl.  d.  naturhist.-m«d.  Feniru  s.  Heiddl>erg,  N.F.,  5,  and  Abh.  d.  Komtjl.  Qa. 
d.  Win,  *.  OSttingen,  40;  Hofmeister  :  Arch.  f.  expcriin.  P<tlhoi.  m,  PAarm.,  a8  ;  Piorru 
Duhem  t  Joum.  Physic^  Chemistry,  4.  65-iaa  (1900^ 

'  See  p.  330.  '  J.  M.  von  Bemmelen:  ZeitacM./.  anorg.  Chtm.  18,  34  (1898). 

*  £.  A.  Minchin  :  Investiffationa  an  microscopic  foams  and  on  pntcplasm.  Tranti- 
lation  of  BiJtsclili'a  work,  1B94.     See  preface. 

*  ilardy:  I'^uc.  Hoy,  Snc.  66,  no  (1900). 

*  Oeorg  Bredig  :  Zeitsch./.arigete.  Chtm.  951-954  (1898). 
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plAtiniun,  not  by  the  usual  chemical  method  of  adding  reducing 
frubstaiices,  but  by  making  electrodes  of  these  metals,  inim«rsing 
them  in  water,  and  then  passing  electric  discharges  through  tlie 
fluid.  By  this  means,  the  metal  at  the  cathode  is  diHintegi-ated  and 
passes  into  colloidal  solution,  and  when  electrolysed,  thp  metal  is 
depofiited  at  the  anoJe  as  a  blnck  slime.  Gold  solutions  prepared 
in  this  waj'  are  either  rtddish-purple  or  dark-blue,  whUe  silver  and 
platinum  give  djurk-brown  solutions.  Bredig  awsumes  the  colloidal 
particles  to  have  a  diameter  of  about  a  tliousand  times  their  mole- 
cular dimensions,  and  the  colours  produced  to  be  due  to  the  fine 
•tate  of  division. 

Stoeckl  and  Vaniuo'  have  shown  that  light  is  polarized  elliptically 
by  colloidal  solutions  of  metals,  because  light  reflected  from  metallic 
surfaces  also  produces  elliptical  polarixation.  The  movement  of 
colloidal  particles  in  a  solution  through  which  an  electrical  curi"ent 
is  passing,  they  explain  aa  duo,  not  to  electrolysis,  as  does  Zsigmoudy  *, 
but  aa  due  to  the  electrical  current  having  the  power  of  carrj'ing 
solid  particles  with  it  through  the  solution ".  The  following  8ub- 
8tiino«S  go  with  the  negative  stream  to  the  positive  pole,  if  suspended 
in  water:  gold,  platinum,  copper,  iron,  graphite,  asbestos,  kaolin, 
sulphur,  shellac,  and  silk.  If  turpentine  is  used  as  the  'solvent/ 
then  these  bodies  go  with  the  positive  stream  to  the  negative  pole, 
except  sulphur,  which  in  this  case  also  goes  to  the  positive  electrode. 
*By  streaming  electricity  Huids  are  driven  on.  The  particles  of  the 
fluid  in  motion  rub  against  the  suspended  particles.  By  tliis  friction, 
electricity  is  generated,  the  particles  becoming  electrically  positive  or 
negative  according  to  the  medium  in  which  they  ai-e  suspended.  If 
we  take  water,  the  most  positive  of  all  substances,  then  the  particles 
become  negative  and  go  to  the  positive  pole.  In  turpentine  the 
particles  become  positive  and  go  to  the  negative  electrode,  with  the 
exception  of  sulphur,  which  alao  becomes  negative  if  nibbed  against 
turpentine.' 

Hardy*,  through  whose  work  my  attention  was  firnt  drawn  to  the 
purely  physical  aspect  of  coagulation,  has  divided  colloids  into  those 
which  form  reversible  jellies,  for  example  ordinary  gelatine  dis- 
^aoWed  in  water  (p.  49),  and  those  which  do  not  (p.  132).     He  thus 

kkea  his  criterion,  the  reversibility  of  the  solid  state  or  gel  into 
the  fluid  state  or  sol,  by  means  of  heat,  and  classes  together  those 
gels  which  do  not  change  on  heating,  considering  it  immaterial 
whether  the  solid  state  ha*  been  induced  by  purely  physical  or  by 
chemicc»-physical  means. 

Hardy  has  experimented  with  the  following  colloidal  solutions: 
il)  gold,  mode  by  adding  a  couple  of  drops  of  a  solution  of  pho9> 


*  K.  Btoeekl  and  L.  Van] no  :  Z«itte\,/.  ph^tOc.  Chem.  80,  98  (1899). 

*  Zcigmondy  :  Lieb.  Ann,  301,  33  36  (1898). 

*  Tb«  litorature  on  thin  lubject  is  collected  bj  L.  Orfttx  :  *■  Elektrisohe  End(«- 
ilDO«»tind  StrOmung^trAine*  in  Winkelinaun's  Hnmtbuch  d.  Phyaik,  8,  i,  493. 

'  HArdy  :  1  i)  Jtmrnai  0/  Pkysiotugy,  24,  17a  (1899)  ;  (a)  'The  ooagulaiion  of 
PrciU<id  by  Electricity,'  ibid^  a88  ;  (3)  'On  the  conditions  which  determine  tli* 
■tftbiiity  of  irreveraible  hydroaoLs,'  Pne.  Roy.  Soc  09,  1x0  ^1900). 
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phorua  in  ether  to  about  a  litre  of  a  very  dilute  solution  of  gold 
chloride,  dialysing  the  ruby-coloured  fluid  for  fourteen  days  against 
diatilJed  water  freed  from  dissolved  carbonic  acid,  and  concentrating 
the  gold  solution  by  boiling ;  (2)  gura  mastic,  prepared  by  adding  a 
very  dilute  solution  of  the  gum  in  alcohol  to  distilled  water,  and 
then  dialysing  it  for  fourteen  days  againat  distilled  water  ;  (3)  heat- 
m.odified  egg-wliite,  prepai'ed  by  dissolving  white  of  egg  in  nine 
times  its  volume  of  distilled  water,  filtering,  boiling'  and  dialysing 
against  distilled  water  for  somo  days.  'If  the  solution  is  Iniiled  in 
a  test-tubf*,  a  milky  fluid  is  formed  and  a  film  of  proteid  is  left 
on  the  glass ;  a  second  quantity  boiled  in  the  same  test-tube  comes 
out  less  milky,  until,  when  the  proteid  film  is  sufficiently  thick  to 
eliminate  all  action  by  the  glass,  the  solution  after  boiling  contains  the 
proteid  dispensed  as  particles  so  small  that  they  scatter  pure  blue  light.' 

According  to  Hardy,  these  colloids  in  a  watery  solution  form  a 
system  which  ih  comjwsed  of  solid  colloidal  particles  floating  in  an 
exceedingly  dihite  solution  of  the  colloid  in  water,  and  therefore 
'each  particle  in  a  hydrosol  is  surrounded  by  a  zone  in  which  the 
components  are  in  a  condition  of  chemical  instability.' 

'The  stability  of  colloidal  systems  is  related  to  the  contact  dif- 
ference of  potential  which  exists  between  the  solid  and  the  fluid 
phases,  and  which  forms  round  each  particle  a  double  electric  layer. 
Such  double  electric  layers  round  i>articles  of  any  kind  immersed  in 
a  fluid  nvoidd  resist  any  movement  of  the  particles  through  the  fluid, 
because,  as  Dorn's  experiments  show,  electric  work  is  done  in  dis- 
placing the  particles'.' 

These  electric  layers  producing,  as  J.  J.  Thomson  put  it  to  Hardy, 
an  effect  eri^uivalent  to  having  the  particles  suspended  in  a  viscous 
fluid*,  it  follows  that  any  factor  leading  to  a  disappearance  of  the 
electric  chaises  in  the  particles  and  in  the  fluid,  must  convert  the 
'viscous'  fluid  utto  a  mobile  one  and  thus  facilitate  the  aggregation 
of  tlie  colloidal  particles. 

'  Free  acid,  added  to  a  hydrosol  in  which  the  particles  are  negative 
to  pure  water,  'v^-ill  diminish  the  relative  difTerence  of  potential  of 
the  water.  In  this  case  the  reagent  acts  directly  on  the  water,  and 
the  coagulation  activity  of  unit  muss  of  the  substance  varies  directly 
with  its  chemical  activity  when  dissolved  in  water.  The  same 
relation  seems  to  hold  when  free  alkali  is  added  to  a  hydrosol  in 
which  the  particles  are  electro-positive.'  *The  stability  of  the  system 
may  also  Ije  destroyed  by  induction,  the  active  agents  being  free  ions 
carrying  a  static  chai-ge*.  In  this  case  the  action  may  be  said  to 
l>e  on  the  particles,  or  r.ilher  on  the  electric  layers  im^modiately 
around  thein,  and  the  active  iona  are  those  whose  electric  sign  is 
the  opposite  of  that  of  the  charge  on  the  surface  of  the  particle.  In 
this  case  coagulation  power  dties  not  vary  directly  with  variations  in 

'  That  t'gg-whi{<?  ililuti'd  with  nino  limes  it.t  hulk  of  wjiIpt  does  not  coagulate 
was  first  olist'rvod  in  18180  hy  William  Roberts  :  '  Lumloian  lecturoa  on  digosttivo 
formenta  and  artificially  digested  food.    (Ltiodon  :  Smith,  Elder  aud  Co.,  1880,) 

"  Dorn  :  Wif(i<'tni\nn's  Ann.  10,  70(1880). 

'  Coinpnro  with  the  \i\ivr  of  Bonis  and  Schneider,  p.  33, 

*  Whfthani  :  Phil.  Mag.  (November,  1899). 
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ehernical  activity.     It  rifles  ©xeef<lingly  rapidly  with  a  rise  in  the 
valency  of  the  active  ion,  so  that  the  relation 

:  1    :  1     =  n ;  n  .  n 

ia  Approxiniately  satisfied,' 

The  factors  determining  Uie  stability  of  hydrosols  vary  greatly 
^aeoording  to  the  spet-ific  colloiil  we  are  dealing  with;  thtie  the  slightly 

lie   ferrihydroxide  Ff'(OH|j  is  only  stable  in  the  absence  of  free 

kcids,  free   buses  or  neutral  salts ;    gum   mastic  is  stable  in  fairly 

fi«oncentratod  nioiiovalont  bases  but  is   precipitat«d  by  acids,  while 

the  heat-coagulated  proteid-hydrosol  is  only  stable  in  the  presence 

of  either  free  acitla  or  free  bases. 

As  the  colloidal  proteid,  just  alluded  to,  is  precipitated  from  its 
acid  solution  by  the  addition  of  uikidies  and  from  its  alkaline  solution 
by  the  addition  of  acids,  there  rnust^  exist  somewhere  a  point  of 
neutrality  at  which  precipitation  ocoiirs.     Coagulation  in  this  case 

therefore  equivalent  to  the  establisiiment  of  an  iso-electric  state 
between  the  colluid  and  its  solvent. 

If  the  amount  of  a  coagulant  which  has  been  added  to  a  colloid 
is  not  sufficient  to  cause  complete  coagulation,  then  an  effect  is  pro- 
duced which  is  proportionate  to  the  amount  of  coagulant  added.  The 
solid  colloidal  particles  by  increasing  somewhat  in  size  lead  to  the 
formation  of  a  new  slaty  of  equilibrium  accompanie«l  by  a  diminution 

the  extent  and  curvature  of  the  surfaces  of  c^»ntact  between  the  solid 
toUoid  and  its  solvent.  It  is  during  this  stage  that  the  originally 
blue  proteid  solution  (p.  38)  becomes  white.    Compare  pp,  33  and  35. 

The  behaviour  of  hydrosols  in  an  electric  field  has  been  studied 
ipeoially  by  the  following  observers : — Zsigmondy '  noticed  how 
gold  in  colloidal  solutions  moves  against  the  current ;  Pictun  and 
Lander^  in  1897  found  the  direction  of  movement  of  the  particles 
to  be  either  with  or  against  the  stream  according  to  their  chemical 
nature  (p.  33).     See  also  Stoeckl  and  Vanino,  p.  37, 

Hardy  in  1899  established  the  fact  that  heut-modtfied  egg-white, 
under  certain  conditions,  may  go  either  with  or  against  the  electrical 
current  according  to  the  reaction  of  the  solvent.  Thin  proteid  pre- 
cipitated by  neutraJli7,ation,  made  into  a  fine  mud  in  an  agate  mortar, 

*  Zugmondy  :  LiM^i  Ann.  801,  39.  For  the  prepwration  of  rod  oolloidal 
^aolutions  of  gold  Zsigmondy  gives  theae  dirocttoaa  :  Obtain  perfectly  pure,  iwic« 

■stilled  Mral«r.  mid  pure  cryBUilline  gold  chloride,  which  ia  got  by  evaporating 
r*  tolution  of  gold  in  aqua  regia. 

Make  a  0-6  p.e.  Rolution    of  the  gold   (^hloridl1  ;    take  of  thin  25  cc. ;    dilute 
with    too  to    150  cc.  of  wat«r ;    add   a   to   4  ce.  of  a  o-a  normal    potasaiiim 
l^ftrbonate  or  bicarbonati;  Holutiun  (the  amount  required  depends  on  the  coa- 
lition of  the  water  ;  blue-violet  solution!  require  stronger  dilution  and  more 
Iftlkali)  ;  bring  to  the  lioiling-(*oint,  but  do  not  boil  for  any  U'Dgtlt  of  time,  aa 
l«ih<>rwi80  COj  i»  given  off  and  the  solution  becomes  red<Iisb- violet ;  aa  soon  aa 
nh«  fluid  is  boiling  remove  it  from  the  tiame  and  add  in  MnaH  quantities,  but 
raniekly,  4  co.  of  a    i    p.c   solution    of   formaldehyde,  whjoh    latter   muat    be 
|fr«ahly  diatilled,  the  distillate  between  97  and   100"  C.  being  taken.     The  gold 
{•elation  ought  aoon  to  aoqaire  a  carminred  colour  ;  it  contains  about  5  mg,  of 
old  In  100  ccnu.  but  by  careful  dialysis  nuy  be  concentrated  to  o-ia  p.e.    (iuld 
aolution  prepared  in  thia  manner  ia  not  decomposed  by  boiling. 

*  Picton  and  binder:  Joum.  Oum.  Soc.  70,  5^  ',.1^7  • 
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and  suspended  in  water  in  a  U-shaped  tube,  rapidly  sinks  to  the 
bottom  and  the  sediment  does  not  move,  even  in  foi'ty -eight  horn's, 
either  towards  the  negative  or  the  positive  electrode,  on  establishing 
an  electric  field  having  a  potential  gradient  of  loo  volts  in  lo  cm. 
On  adding,  however,  the  merest  trace  of  an  acid  the  proteid  '  l>ecome8 
electro-positive'  and  travels  with  the  positive  stream,  while  by  the 
addition  of  an  alkali  to  the  sediment  it  is  'rendered  electro-negative' 
and  goes  with  the  negative  current. 

Colloidal  proteid  is  thus  a  potential  base  or  acid-  The  general 
conclusions  of  Hardy  given  on  pp.  38  and  39  were  arrived  at  after 
studying  the  action  of  electrolytes  on  coUoidal  substances  according 
to  the  following  plan. 

I.  The  action  0/ salts. 

The  coagulative  power  of  a  salt  is  determined  by  the  valency 
of  that  prepotent  (i<e.  moi*e  active)  negative  or  posilive  ion,  which 
has  an  electrical  load  the  opposite  of  that  carried  by  the  colloid- 
particles.  Experiments  were  made  with  neutral  salts  (sodium 
chloride,  NaCl) ;  salts  neutral  to  litmus  but  acid  lo  phenolphthalein 
(magnesium  sulphate,  MgSO,,  and  barium  chloride,  BaCLJ^  and  salts 
acid  to  litmus  (aluminium  sulphatts  Alj(SO^)„  cadmium  nitrate, 
Cd(N05)2,  copper  chloride,  CuCl^,  and  copper  sulphate,  CuSOj.  All 
these  substances  were  made  up  in  the  concentration  of  i  gram 
molecule  in  2,000  cm.  Working  with  coivgulating  salts  in  concen- 
trations of  I  gram  molecule  in  120,000  cm.,  the  colloid  used  being 
the  electro-negative  silica,  dialysed  free  from  chlorides,  the  following 
results  were  obtained  at  16'^  C. : 

Caaguiation  at  onc6.         In  10  mintitut.        In  a  h(mra.       In  84  luiurs.         Still  JIuid, 
Ali(SOt),  CuSO,  MgSO,  K»SO,  NuCl 

CuCl,  Ma^Oi  Control 

Cd(NO,), 

BaClj 

With  proteid  rendered  electro-negative  by  a  trace  of  alkali,  and  with 

the  coagulating  salts  in  strengths  of  i  gram  molecule  in  80,000  cc, 
at  16°  C. : 

CoaiftUaHon  at  once.  On  tUghiiff  warminff.                No  ^tct. 

AUSO,),  MgSO,                          Na,80t 

Cd(NO,),  BaCl,                           K,80» 

OuSO,  CiiCl,                           Nad 
CuCl, 

With  proteid  i-endered  electro-positive  by  a  trace  of  acetic  acid  : 

Instant  coaffidation.  A'n  effect. 

Al,(SO,>j  CuCl, 

CuSO,  Cd(KO,)j 

KjSO,  BaCl, 

Na^SOi  NaCl 
MgSO, 

In  confirmation  of  the  observations  of  Schulre,  Picton  and  Linder, 
Hardy  found  the  cojigulating  power  of  a  salt  to  bt*  not  directly 
proportional  to  the  amount  of  its  dissociated  molecules  and  the  sum 
of  the  mobilities  of  its  ions,  but  to  be  determined  by  an  addi- 
tional factor,  which  varied  as  the  square  or  cube,  according  as  to 
whether  the  precipitating  ion  was  mono-,  di-,  or  trivalenL      If  K  bo 
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tht^  number  of  ^rani  molecules  of  a  substance  just  eufiicient  to  bring 
about  coagulation  ;  na  =  the  percentage  of  tbo  disHOciuted  molecules 
of  tbe  cougubint;  m  +  v  the  sum  of  the  mobilities  of  the  two  ions  set 
free  by  electrical  dissociation  ;  and  ^'  the  effect  produced,  x  being 
positive  and  increasing  quickly  with  the  valency  of  that  ion  wbicli 
has  a  charge  opposite  to  the  charge  posnessed  by  tbe  substance  to  be 
coagulated,  then 

K  =  na  {u  +  v)  A', 
Thus  the  coagulative  ytower  of  an  active  iun  'varies  with  its  valency 
approximately  according  to  the  square  and  cube' : 

'  If  two  electrolytes  are  present,  tbon  the  action  is  additive  if  the 
metals  are  of  the  same  vjJency,  and  subtriictive  if  of  different  valency. 
Therefore  there  is  interference  between  e.g.  salts  of  the  form  KAc* 
and  i?"^c"  ;  the  one  inhibits  the  other.' 

'  The  effect  of  tbe  acid  or  basic  reaction  of  the  salt  on  tbe  hydrosol 

_is  as  a  rule  small  as  compared  with  the  effect  of  the  metal-ion.    Thus 

)e  stability  of  a  hydrosol  of  electro-positive  proteid  is  increaseil  by 

'free  acid,  yet  the  acid  salts  find  their  proper  place  in  tbe  scale  of 

valency.     Again,  ferric  hydrate  is  coagulated  by  nitric  acid  A^ihen  the 

>ncentration  reache.s  i  gram  molecule  in  2,500  cc;  yet  the  cadmium 

U  of  this  acid  is  not  much  more  potent  than  are  the  "neutral" 

lis  MgSO.,  BaCl,.' 

2.  Action  of  acids  ami  alkalies. 

The  action  of  acids  on  electro-negative  colloidal  matter  and  that  of 

alkalies  on  electro-positive  colloids  '  is  determined  by  tbe  laws  which 

)vem  ordinary  chemical  equilihriimi/  because  solutions  of  acids 

rhich  are  equi -coagulative  with  i-ospect  to  electro-negative  colloids 

(agree  in  their  electric  conductivity,  that  is  in  the  amount  of  electnc 

lissociation.     The  action  of  acids  on  electro-negative  colloidal  matter 

brought  out  by  tbe  following  table,  in  which  K  represents  the 

elative  coagulative  power  (the  value  of  A'  being  referred  to  Al^^C'l, 

unity)  ami  C  stands  for  the  specific  conductivity  (Le.  the  conducti- 

vit>*  of    I   gram   equivalent    in  1,000  cm.  |.     Tbe   table   shows   the 

action  of  different  acids  on  tlie  electro-negative  hydrosol  of  arsenious 

sulphide,  and  was  calculated  by  Hardy  from  Picton  and  Liiider's 

results: 

1:  0 


Acid. 

HBr 

HI 

HCI 

HNO, 

Oxalic 
H,PO, 


3950 


<Mioo6  1935 

0-0005  578 

0-00007  33<* 

lid  the  colloid-particles  be,  however,  electro-positive,  then  the 
^iJoBductivity  of  equi-coagulative  strengths  of  acids  varies  to  a  remark- 
~>le  extent : 

AcUU.  H'  U"  IT" 

MMtio,  electro- negative  .  136         14-4  139 

Forrio  bydrat«,  electro-po«iUvo       1650  6-8  0-7 
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The  coagulating  power,  K,  of  salts,  acids,  and  alkalies  may  be  summed 

up  in  the  following  sclieine,  which  ia  based  im  Hardy's  i-esearches, 

detailed  above  (+ means  coagulation,  O  means  no  effect) : 

Coagvlant,  Colloid. 


Neutral  salt 

< prepotent  ion  negative 
prepotent  ion  positive 
Acid 


Alkali 


ehdro-positivt, 
O 

+ 

O 
O,  or 
|K  varies,  or 

jr  or  J*  or  x' 
dries  dircLrtly 
with  elipmitral  un- 
tivity  and  not  in 
ratio  of  square  autl 
cube 


electro-negatirt. 
O 
O 


K  varies  directly  with 
chcniioal  activity. 

O,  or 
K   AtHsa    not   vary   in 
any  81  mple  way  wit  h 


valency 


Whetham*  has  applied  the  law  of  chances  to  the  phenomena  of 
coagulation.  Linder  and  Picton  (see  above)  hy  acting  on  arsenious 
sulphide,  takmg  aluminium  chloride  as  unity,  found  mono-,  di-, 
and  trivftlent  metallic  ions  of  different  sulphates  to  possess  equi- 
coagulative  powers  when  they  wore  used  in  the  concentnitions  of 
930:  26:09  I'espectively,  which  means  that  the  relative  coagulative 
power  of  these  different  sulphates  would  l>e  proportional  to  the  reci- 
procals of  these  minibei-s.  according  to  the  ratio  i :  35  :  1023,  Sehulzo 
had  previously  also  found  mono-,  di-,  and  trivsdent  chlorides  to  possess 
coagulative  powers  in  the  ratio  of  i :  30 :  1650.  The  electrical  charge 
on  an  ion  being  proportional  to  its  valency,  6  monads  efjualling 
3  diads  and  2  triads,  it  follow.s  that  the  valency  of  the  metallic  ion 
has  an  effect  on  the  cuagulative  power  which  is  very  diiferent  from 
the  effect  on  properties  for  which  the  usual  1:2:3  ratio  holds  good. 

Coagulation  being  produced,  fii"stly,  whenever  a  certain  minimal 
electrical  charge  is  brought  within  reach  of  the  colloidal  particles, 
and,  secondly,  whenever  the  effect  on  the  colloid  produced  by  the 
charge  occuns  throughout  the  solution  with  a  certain  minimum  fre- 
quency, it  follows  that  if  by  experiment  it  has  been  determined  that 
two  substances  are  active  in  the  ratio  as  i:x,  then  by  the  law  of 
chances,  three  subtstances  will  be  active  in  the  proportion  of  i  :x:x^.t 
Thus  if  jf  =  32,  then  the  ratio  will  be  as  1:32:1024,  which  agrees 
very  well  with  the  results  of  Picton  and  Linder,  namely  1 135: 1023; 
or  if  X  =  40  we  get  1 ;  40 :  1600,  or  numbers  comparable  to  Schulze'a 
values  1:30:1650.  Siniihu-ly  equal  electrical  charges  would  be 
obtained  by  tho  conjunction  of  3  tetrads,  4  triads,  6  diads  or  12 
monads,  or  1  :xiit':x\  Therefore  if  j:  =  32,  then  the  ratio  is  as  1:32 
:  1024 :  32800,  or  if  X  —  40,  the  ratio  is  as  i  ;  40  :  1600  ;  64000, 

Bredig  and  Coehn"  (1900)  show  that  the  theory  of  Starke,  according 
to  which  colloidal  material  is  kept  in  solution  by  gases  dissolved 
in  the  water,  does  not  hold  good,  because  colloidal  solutioivs  of  gold, 

'  Wlu'tham ;    '  Coagulative  power  of  electrolytes,'  London  Phil.  Mag.  47,  474 
(1899% 
*  Gcorg  Bredig  and  A.  Coehn  :  Zeitach.  f.phyaik.  C%«ni.  32,  199-132  (1900). 
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sDver,  and  platinum,  prepared  by  Bredig's  electrical  method  ',  when 
freed  from  all  air  hj  the  gjis-punip  »Iid  not  coagulate.  Starke  used 
zinc  chloride  solutiona.  which  are  very  apt  on  <lilutitin  witli  water 
to  form  the  insoluble  zinc  hydroxide,  especially  if  the  solution  also 
contain  some  basic  chlorides. 

Bmni  and  Pappadii*  diatinguish  between  colloids  proi>er  (such 
•8  silicic  acid,  ferric  liydroxide,  chromic  hydroxide,  ferric  ferrofyanide, 
■gg-albumiii,  gelatin)  and  seini-colJoida  (for  example,  dextrin  and 
molybdic  acid).  These  latter  pass  comparatively  readily  through 
a  dialyser,  and  also  give  small  depressions  of  the  freexing-point, 
which  are,  however,  quite  appreciable  and  proivortional  to  the  con- 
oentration ;  dextrin,  for  example,  gives  a  molecular  weight,  1135, 
corresponding  with  the  formula  (C^H,„0j)7.  Semi-colloids  when  in 
solution  have  thus  very  high  molecular  weights. 

My  present  views  on  '  Coagulation.* 

Coagulation  is  a  term  which  in  its  w^ider  sense  is  applicable  to  any 
change  affecting  substances  whereby  they  are  rendered  insoluble, 
either  terajwrarily  or  permanently.  I  propose^  however,  to  restrict 
the  term  coagulation  to  the  formation  of  gels  by  physical  means,  and 
to  call  gels,  produced  by  chemical  action,  precipitates,  while  the 
firming  of  gelatine,  whicli  results  from  a  lowering  of  the  temperature, 
will  bo  described  as  '  setting.'  Thus  gelatin  sets  on  cooling ;  it  is 
coagulated  by  ammonium  sulphate  while  precipitated  by  corrosive 
sublimate.  Precipitation  is  therefore  accompanied  by  a  chemical 
change,  while  setting  and  coagulation  are  not,  as  far  as  we  know  at 
present. 

We  are  apt  to  attribute  a  transparent  appearance  to  a  jelly  and  an 
opaque  one  to  preci  pi  twites  and  coagulates,  but  this  is  purely  arbitrary, 
because  albumin  may  be  changed  into  a  perfectly  transparent  jelly 
by  the  action  of  strong  alkalies  such  as  caustic  sinla  (Lieberktihn's 
jelly),  or  by  salts  such  as  ferric  chloride  (Ruse's  jelly)  ^  or  by  glacial 
acetic  acid  (Neumeister's  jelly)*.  As  far  as  it  is  possible  to  arrive 
at  any  conclusion,  colloids  when  '  in  solution '  appear  to  have  the 
following  characteristics : — 

1.  They  p)larize  transmitted  light. 

2.  They  move  either  with  or  against  an  electrical  stream^  which  is 
being  passed  through  them,  and  are  therefore  either  electro-positive 
or  electro-negative,  but  they  offer  a  great  resistance  to  the  flow  of  the 
electrical  current. 

3.  They  are  precipi  table  by  electrolytes,  the  potent  ion  of  which  has 
an  electrical  sign  opposite  to  that  carried  by  themselves. 

4.  They  have  no  chemical  afiinities  as  long  as  they  are  in  the 

O.  Brodjg  :   ZeiiKh,  /.  ang9V).  Chcm.  951   (1898)  ;   lUid  ZeitacK  /.    EiMtnchtmit^ 

>.<  Bmni  «ud  N.  Pappadik :  AUi  Real.  Aecad.  Linui,  9,  i.  354-358  (1900). 
Ab  '!.  Chtm.  Soc  78,  a,  591  (.1900),  '  Nktoru  and  Properties  of  Colloidal 

utinns.' 

Fenlinand  Row  :  Pogs/mdorJT's  Ann,  28,  140  (1833). 

Pun  agg-white  with  glacial  acetic  acid  doea  not  howover  form  a  clear  j«Il7, 
but  an  opaque  ooagulum,  B*iv  £zp.  3,  p.  105. 
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colloidal  etate.  except  that  certain  of  them,  such  as  osmium  tetroxide 
and  formaldehyde,  form  addition  compounds  with  non-electroIyt«s. 

5.  They  do  not  raise  the  boiiing-point,  or  affect  the  fieezing-point, 
of  water. 

6.  They  are  not  coagulaied  by  a  rise  of  temperature,  provided 
electrolytes  are  aJjsent,  and  provided  that  they  themselves  do  not 
become  chemically  altered  by  heat. 

7.  They  do  not  as  a  rule  pass  through  animal  and  vegetable 
membranes,  and  tl»ey  are  retained  by  carbon  filters. 

8.  They  have  little  or  no  tendency  to  crj'stallize. 

The  question  whether  colloids  are  in  suspension  or  in  solution 
seems  to  me  not  a  difficult  one  to  answer,  provided  we  can  define 
what  we  mean  by  "solution,'  The  best  jiccumit  of  this  <piestion  is 
that  of  J.  W.  BrtihP,  who  has  discussed  the  part  played  bj^  media  in 
the  process  of  dissolving  substances.  It  will  suffice  to  point  out  that 
the  power  of  acting  as  a  solvent  seems  to  bo  intimately  connected 
w^ith  the  solvent  possessing  some  atom  which  is  potentially  pluri- 
valent  ;  for  example,  oxygen  in  water  is  divalent  but  capable  of 
becumiiig  tetravalent,  the  nitrogen  of  ammonia  is  trivalent  but 
with  a  tendency  to  become  pentevalent,  and  so  on. 

Krafff'  is  of  the  opinion  that  solubility  of  salts  depends  on  the  ease 
with  which  they  undergo  hydroxylation,  or  hydrolysis,  as  is  shoA^Ti 
by  comparing  hydrocarbons  with  carbohydi'att^s,  the  anhydrides  of 
monobasic  acids  and  their  hydrates.  On  this  principle  sodium  stearate 
is  soluble  in  water  btcauae  in  concentrated  solutions  it  splits  up 
hydrolytically  into  stearic  acid  and  sodium  hydrate 

C,aH,p,Na+  H,0  =  C„H^O,H  +  NaOH. 

Strictly  speaking  the  term  solution  al)ould  only  be  used  when  two 
or  more  substances  have  undergone  a  definite  chemical  change 
dependent  on  mutual  interaction  as  in  the  case  of  hydrolysis.  In 
a  wider  sense  electroh'tes  undergoing  electrolysis  may  also  be  said  to 
pass  into  solution,  owing  to  the  development  of  elecfcro-chemicaJ 
affinities ;  but  once  in  solution,  true  electrolytes  form  with  water 
a  treble  (or  quadruple)  mixture,  thus  kat-ion  +  an-ion  +  solvent  + 
(non-dissociated  electrolytel. 

In  the  light  of  Brfihrs  conception  and  also  in  that  of  the  facts  that 
puie  water  is  partly  dissociated  and  that  it  possesses  a  high  dielectric 
constant  (p.  12),  the  following  possibilities  suggest  themselves  : 

1.  The  solvent  undergoes  with  the  substance  a  definite  chemical 
change  as  in  hydrolysis.     Thus  :  corrosive  subhmate  and  water: 

HgCl,  -f  a;  H,0=  HgOH  -f  2H'  +  2Cr. 

2.  The  solvent  induces  acheniico-electrical  change  as  in  electrolytic 
dissociation.     For  example^  sodium  chloride  and  water : 

NaCI  +  J"H,0  =  Na"  +  CI'  +  H^O. 

3.  The  solvent  forma  with  thesubstanceadditivecompoundsasinthe 
caae  of  colloids.  For  example,  ferric  oxide  and  water  =  Fe^Oj  +  xHjO. 

'  Ztitack.  f.  physik.  Ckem.  10,  I  (1899). 

*  Kmfft,  F.  :  '  Uber  d.  KryHtallisationiibedingungen  coUoidaler  SalzlOsungcn,' 
Bar.  deuisdi.  chem.  Gcs.  32,  1596  i'^i699;. 
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4.  The  solvent  and  the  substance  mutually  diffuse  into  one  another 
as  would  gases,  there  being  formed  mixtures  as  in  the  ciise  of  non- 
electrolytes,  for  example  sugar  *  diss«i]viiig'  in  water. 

As  water  is  always  partially  dissociated  into  the  electro-positive  H' 
and  the  electro-negative  OH'  ions  it  can  act  either  as  an  acid  or  as 
an  alkali  towards  any  substance  with  which  it  is  brought  into  contact. 
In  the  case  of  hydrolysis  and  electrolysis  the  chemical  change  induced 
by  the  solvent  ia  accompanied  by  an  flectrical  change,  for  p*oaitive 
and  negalive  charges  are  distributed  ovtr  the  acid  and  basic  radicals 
of  the  electrolyte,  while  the  water  acta  as  an  insulator,  l>ecatise  tlie 
charges  induced  in  it  by  the  two  radicals  of  an  electrolyte  balance 
and  thus  neutralize  one  another. 

The  paasage  of  an  electric  current  through  such  a  solution  depends 
on  three  factors,  namely,  firstly,  nn  particles,  the  irms,  carrying 
negative  and  positive  charges  ;  secondly,  on  tlie  particles  being  freely 
mobile  ;  and  thirdly,  on  the  solvent  Ijeing  electrically  neutral. 

In  the  case  of  a  non-electrolyte  such  as  sugar  dissolving  in  water, 
we  are  dealing  with  a  phenomenon  in  every  particular  comparable 
to  the  mixing  of  two  mutually  inert  gases;  and  through  such  a  mixture 
an  electrical  current  d<:>es  not  ptins,  because  neither  the  sugar  mole- 
eulas  nor  the  water  molecules  carry  charges,  or,  if  they  carry  charges, 
then  not  being  distributed  in  a  third  me<lium  in  which  they  can 
glide  pjLst  one  another,  they  are  unable  to  carry  whatever  charges 
they  poflseaa  in  any  detiiiile  direction  '. 

If  substances  undergoing  hydrolysis  and  electrolysis  form  one  end 
of  a  chain  and  non-electrolytos  the  other  end,  then  substances  which 
form  additive  compounds  with  water  stand  in  the  middle,  because  they 
have  certain  features  in  common  with  electrolytes  and  non-electrolytes. 
These  addition-compounijs  in  the  non-dissociated  state  would  have 
to  be  regarded  as  hydrates  or  H  ,0-bodic's,  while  after  dissociation  the 
colloid  radical  if  electro-positive  would  have  as  its  companion-ion  the 
electro- negative  hydroxy l-radieal.  OH',  or  reversely  an  electro-negative 
colloid  would  have  as  its  elfctro-positive  mate  the  hydrogen-ion,  H*. 
There  is,  however,  a  great  difference  between  ordinary  electrolytes, 
which  are  hydrogen  or  hydroxy!  compounds,  and  true  colloids;  for 
while  the  former  break  up,  if  they  dissociate  at  all,  into  an  equal 
number  of  individual  units,  the  kat-ions  or  an-ions,  we  are  dealing  in 
the  colloids  Avith  substances  in  whidi  either  the  kat-ions  or  the  an-ions 
•re  composed  of  many  units  aggregated  together,  each  aggregate 
playing  the  part  of  a  single  ion  and  being  kept  in  '  solution  '  by  a  unit- 
ion  of  the  opposite  sign.  This  assumption  would  explain  Hardy's 
experiment  with  electrically  neutral  proteid,  which  is  a  perfectly 
insoluble  compound,  and  with  no  tendency  to  go  towards  either  the 
poeitivo  or  negative  electrode  till  traces  of  acid  or  alkali  have  been 
added  (p.  40).  As  the  proteid  acquires  the  charge  of  the  positive 
hydrogen-ion  of  acids  and  the  negative  charge  of  the  hydroxyl-ions  of 
alkalies  we  may  assume  the  hydrogen- or  hydruxyl-ious  to  unite  with 
aggregates  of  proteid  molecules  and  thus  to  form  now  ions  consisting 

*  Tb«  same  reasoning  may  be  Bpp1ie<I  to  non-disMx-iated  eliu'troljU's,  it  being 
immaterial  whether  they  are  in  tbo  aolid  state  or  mixed  with  a  solvent. 
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of  the  (colloid +  H)*  or  (colloid  4- OH)'.    The  an-ion  of  the  acid  which 

was  added  (for  example  CI'  or  the  acet-ion)  or  the  kat-ion  of  the  alkali 
(for  example  Na')  become  the  companion-ions  to  the  (colloid  +  H)'  or 
the  (colloid  +  OH)'-ions. 

Provided  my  hypothesis  \b  correct,  we  may  consider  the  solution  of 
an  ordinary  dissociated  electrolyte  as  representing  a  double  '  colloidal ' 
solution,  and  the  formation  of  insoluble  hydrates  during  hydrolysis 
as  the  precipitation  of  one  of  the  t^vo  colloidal  solutions.  But  we 
have  to  remember  that  Picton  and  Linder  are  mistaken  when  they 
say  (p.  33)  that  a  colloidal  solution  would  become  dissociated  into 
its  ions,  if  we  could  break  up  the  particles  sufficiently  fine;  for  what 
is  characteristic  of  a  colloid  is  that  each  aggregate  of  colloidal  particles 
should  contain  a  definite  charge,  and  the  only  factor  which  will  allow 
of  a  breaking  up  of  an  aggregate  into  smaller  particles,  and  which 
Mrill  produce  at  the  same  time  a  true  colloidal  solution,  is  one  giving 
to  each  unit  of  the  original  aggregate  a  definite  cluirge>  and  then 
maintiiining  this  charge  by  the  presence  of  other  ions  having  an 
electrically  opposite  charge.  If  the  aggregates  in  a  colloidal  solu* 
tion  are  completely  broken  up  into  the  composing  units  by 
acquiring  definite  charges,  then  the  colloidal  solution  loses  its 
colloidal  character  and  becomes  a  solution  of  a  completely  dissociated 
electrolyte,  as,  for  example,  in  the  case  of  silicic  acid,  mentioned 
on  p.  33,  Reversely,  if  to  a  solution  containing  a  definite  number 
of  electro-[>ositive  (colloid  H|-Hj*-iona  there  is  added  an  alkali  con- 
taining the  same  number  of  electro-negative  hydroxy  I -ious,  then 
the  H*  of  the  coUoifl  and  the  OH'  of  the  alkali  unite  to  form  electri- 
cally neutral  water,  and  the  colloid  having  lost  its  electrical  charge  is 
precipitated  ;  if,  however,  not  a  sufficient  number  of  OH'-ions  were 
added  to  bind  all  the  hydrogen-atoms,  then  the  colloid-aggregates 
rearrange  themselves  into  larger  aggregates,  which  will  remain  in 
'solution'  as  long  as  the  H-atoms,  joined  to  the  colloid,  enable  its 
aggregates  to  maintain  a  definite  charge.  As  the  colloid  particles 
become  larger  and  larger  and  the  number  of  electrical  charges  for 
a  given  volume  of  solution  fewer  and  fewer,  complete  precipitation 
will  probably  be  induced  at  a  time  short  of  perfect  neutralization  of 
the  charges,  because  of  the  specific  gravity  of  the  colloid-aggregates 
overcoming  the  viscosity  of  the  fluid. 

Why  the  colloid  does  not  unite  in  every  case  with  the  radical 
having  the  stronger  electro-affinity,  why,  for  example,  after  tho 
addition  of  an  acid  the  colloid  unites  with  H,  which  has  less  electro- 
affinity  than  K,  while  after  the  addition  of  an  alkali  it  does  not  unite 
with  K  but  with  the  OH,  which  latter  has  also  less  electro-affinity 
than  K,  seems  to  be  determined  by  the  fact  that  H*  and  OH"  are 
those  very  radicals  which  by  their  union  form  water,  and  which 
therefore  may  have  special  chemical  affinities  for  the  colloid,  inas- 
much as  the  latter  owes  its  existence  to  having  been  formed  in  water. 

The  etfect  of  H'  and  OH'  on  colloids  may  be  regarded  as  analogous 
to  their  f»eculiar  action  on  the  colour  of  litmus  and  other  indicators. 

The  aggregation  of  colloid  matter  into  larger  masses,  and  the 
arrangement  of  these  latter  into  fuam  or  mesh-like  structures,  is  one 
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of  the  highest  importance  histologically,  because  during  and  by  the 
process  of  aggregation  a  great  deal  of  histological  detail  may  be 
destroyed,  or  so  altered  in  character  as  to  make  the  tiunl  product 
resemble  but  little  the  appearance  which  the  object  had  during 
life.  Electrolytes  acting  on  proteid  aubstances  always  give  rise  to 
structural  clmnges,  but  it  is  possible  to  prevent  or  counteract  this 
result  by  means  of  noti-el«ctro]yteii,  as  stated  elsewhere  (pp.  68-70, 
and  on  pp.  137  and  138). 

If  we  assume  with  Hardy  that  a  colloidal  solution  consists  of 
colloidal  particles  fiuating  in  an  extremely  dilute  solution  of  the 
colloid  in  the  solvent,  then  we  would  have  also  to  assume  that  the 
very  minute  partick-s  in  the  dilute  solution  carry  detinite  charges. 

On  the  lines  of  my  hypothesis  it  seems  more  probable,  although 
Hardy's  conception  holds  good  fur  the  time  immediately  following 
the  addition  of  an  alkali  or  an  acid,  that  subsequently  there  is 
eetablished  a  new  balance  in  which  the  colloid  aggregates  into 
ITMinftfin.  all  of  which  are  approximately  .sinxilar  in  size,  the  absolute 
8use  varying  directly  in  prujiortion  to  iXn*  number  of  H'  or  OH' 
radicals  which  were  introduced. 

Whether  certain  colloids  may  be  held  in  solution  simply  by  the 
hydrogen  and  hydroxy!  ions  of  water  is  a  fiuestion  on  which  1  have 
been  utiable  to  get  any  information.  There  is  nothing  improbable 
m  such  a  conception,  but  it  would  apjiear  that  most  coUoids  require 
some  other  substtince  to  remain  in  solution;  thus  feme  oxide  +  water 
dissolves  in  ferric  chloride  forming  oxychloriiles,  and  provided  the 
ratio  of  FejO^  :  FeClj  is  as  23  :  2  (Ordway)  the  oxychlorides  will 
remain  soluble  in  wat^r.  Picton  and  Lind^r'  have  also  found,  on 
dissolving  fi-eslily  precipitated  ferric  hydroxide  by  the  addition  of 
ferric  chloride,  that  a  basic  ehluride  is  formed  containing  1-5  parts 
of  hydrochloric  acid  to  985  parts  of  ferric  oxide.  This  solution,  on 
being  filtered  through  a  porous  cfdl,  leaves  the  whole  of  the  iron  and 
the  hydrochloric  acid  behind.  The  ferric  oxide  may  also  be  obtained 
as  a  colloidal  solution  by  dialysiug  ferric  acetate,  when  ultimately 
a  liquid  results  which  contains  only  six  parts  of  acetic  acid  to  94  parts 
of  oxide  of  iron.  It  seems  that  in  the  one  case  the  hydrochloric  acid 
or  chlorine  ion,  and  in  the  other  case  the  acetic  acid  or  acet-ion,  are 
the  factors  which  keep  the  colloidal  Fe.Oj  in  solution. 

That  substances  in  the  colloidal  st.ite  do  not  undergo  chemical 
rsactious  till  they  ceast*  to  be  colloids,  setsma  to  l>e  proved  by  the 
observation  of  Barus  and  Schneider  given  on  p.  32,  who  found  that 
colloidal  silver  unites  with  hydrochloric  acid  to  form  silver  chloride 
only  if  thi'i  acid  be  added  in  greater  quantities  than  is  necessary 
to  precipitate  the  silver  in  a  metallic  state.  Dyes  in  the  colloidal 
state  also  do  not  stain  tissues '.  True  additive  compounds  between 
proteid-colloids  and  osmium  tetroxideand  formaldehyde  are,  however, 
possible,  and  in  this  case  no  electrolytic  changes  take  place. 

If  we  adopt  the  Reuss-Wiedemann-Quincke  theory  that  movement 
of  colloidal  particles  in  an  electrical  current  is  due  to  charges  being 

'  Picton  and  Lin<lor  :  Joum.  CKem,  Soe,  1,  15a  ('899). 
'  Spiro,  ato.     Footuote  4  on  p,  5a. 
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generated  on  the  colloid-particles  by  the  friction  between  the  latter 
and  the  solvent  (see  Sfci>©ckl  and  Vunino,  p.  37^,  and  expand  it,  we 
would  have  to  assume  that  colloid-particles  receive  their  charge 
when  they  are  first  formed,  and  that  they  are  able  to  keep  the  chaise 
till  by  the  introduction  of  electrolytes  the  character  of  the  solvent 
is  altered.  Under  these  conditions  colloids  will  be  precipitated 
when  friction  with  the  solvent  does  not  generate  a  charge ;  on  the 
other  hand,  Ilurdy'a  proteid-colloid  would  become  electro-positive 
whenever  the  solvent  became  electro-negative,  and  reveraely,  the 
proteid  would  be  rendered  electro-negative  by  an  electro-positive  solvent. 

Instead  of  explaining  the  electro-positivity  of  the  proteid -colloid, 
after  the  addition  of  an  acid,  as  being  due  to  a  union  between  the 
positive  hydrogen  ion  and  the  colloid,  as  was  done  above,  we  would 
have  to  assume  one  of  the  two  following  views  :  either,  firstly,  that 
the  positi%'6  charge  on  the  colloid  is  induced  by  the  an-ion  of  the 
acid  added — that,  for  example,  by  the  addition  of  hydrochloric  acid, 
the  negative  ClMon  will  induce  during  its  diffusion  into  the 
colloidal  solution  (see  p.  53)  a  positive  charge  on  the  colloid  by 
friction — or,  secondly,  that  the  positive  hydrogen  ions,  by  diffusing 
into  the  solvent  water,  will  induce  in  the  latter  a  negative  charge 
because  of  its  high  dielectric  constant  (p.  12),  and  that  now  the 
electrically  negative  water  induces  in  the  colloid  a  positive  charge. 

The  two  possibilities  just  c-onsidered  along  with  the  view  that 
a  direct  union  between  the  colloid  and  the  H'  or  Oil'  radical  takes 
place,  may  be  represented  thus  : 
Direct  anion  between  an  acid  and  the  colloid  : 

Colloid  +  HCl  +  water  -  (colloid  +  H)  +  CI  +  H,0. 

Indirect  action  of  kat-ion  radical  on  colloid  ; 

-I-  -         +      — 

Colloid -f  water  +  HCl  =  (colloid)  (water)  H  +  Cl. 

Direct  action  of  an-ion  radical  on  colloid  : 

+  —   + 

Colloid  -I-  HCl  -H  water  =  (colloid)  CI  H  -(-  water. 

In  this  last  case  the  chlorine-ion,  which  has  greater  negative  electro- 
affinity  than  the  hydrogen-ion  has  a  positive  affinity,  may  be  assumed 
to  satisfy  its  full  negative  affinity  by  evoking  a  positive  response  of 
the  colloid,  in  which  case  the  positive  H*  and  the  jKisitive  colloid' 
will  together  completely  balance  the  negative  CI'. 

Graham's  classification  of  colloids  into  sols,  gels,  and  solids  was 
given  on  p.  29,  and  Hardy's  division  of  colloids  into  reversible  and 
irreversible  compounds  on  p,  37, 

The  classification  which  I  have  adopted  ia  as  follows : 

A.  Changes  in  temperature  leading  to  'setting': 

1.  by  lowering  the  temperature         .         .  .  .  P-  49 

2.  by  raising  the  temperature  [?j        .         .  .  .  P>  65 

B.  Mechanical  shaking  producing 'conglutination  '  .  .  P-  5° 

C.  Physical  factors  inducing  '  coagulation  '  by 

I.  dehydration P-  52 

a.  alterations  in  the  electrical  tension  between  the 

colloid  and  its  solvent P*  53 
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D.  Chetnico-physical  factors  causing  'precipitation,' owing  to 

1.  a  withdrawal  of  the  H'  or  OU'  radical  of  the  colloid  p.  55 

2.  n  removal  of  salts     .         .         ,         .         .         .         .  p.  56 

3.  the  formation  of  insoluble  salts         .         .         .         .  p.  58 

4.  heat  action        .         .         .         .         .         .         .         •  P*  59 

£.  Chemical  action  unaccompanied  by  physical  chang«>^  owing 

to  the  fonnutitm  of  additive  compounds  between  colloids 
and  non-electrolytes  by  the  process  of  oxidation  or  re- 
duction .         .         .  .         .         .         .         .         .     p.  68 

Before  giving  a  more  detailed  account  of  the  different  factors 
altering  the  colloidal  state  I  wish  to  stale  definitely  in  what  sense 

II  have  uetod  the  word  colloid  when  applied  to  proteids : 
Through  Colinheim  and  Krieger  (see  p.  27!  we  liave  learned  to 
regard  proteid  substances  as  pseudo-acids  and  pseudo-bases.  in  short 
as  bodies  which  iiavo  a  great  tendency  to  [tass  from  the  electrolytic 
salt-like  state  into  the  non-electrolytic  colloidal  condition.  For  this 
reason  we  require  to  be  constantly  on  our  guard  in  applying  the  term 
colloid  to  proteid  solutions:  they  are  colhnds  only  as  long  as  their 
pseudo-basic  or  pseudo-acid  character  is  not  disturbed  by  the  action  of 
potent  kat-ions  or  an-ions. 

A.  I.  On  the  *  setting*  of  colloidal  solutions  {according  to  Hardy). 

As  already  pointed  out  (p.  37),  jellies  either  xuelt  when  heated  and 
rerert  to  thtj  fluid  state,  when  they  are  said  to  be  reversible,  or 
they  shrink,  remiuiiirig  insoluble  or  irreversible.  Reversible  jellies 
■1^  form,  according  to  the  temperature,  fa)  a  homogeneous  fluid ; 
\'i^)  a  mixture  of  two  heterogeneous  solutions;  or  (c)  a  mixture  of 
%  solid  and  a  fluid. 

(a)  On  raising  the  temjjerature  of  a  i  per  cent,  agar  solution  it  will 

Iliecome  perfectly  fluid  and  homogeneous, 
\h)  On  cooling  it  and  subjecting  it  to  pressure  two  fluids  may  be 
obtained,  the  first  being  a  solution  of  water  in  agar,  and  the  second 
a  solution  of  agar  in  water,  showing  that  these  two  form  a  binary  system 
of  partially  miscible  fluids.  Below  a  certain  temperature  such  binary 
^  systems  either  separate  readily  into  two  layers*  or  they  remain  in 
I  the  state  of  an  intimate  mixture  according  to  the  mobility  of  the 
molecules.  Thus  in  the  case  of  the  agar  solution  just  mentioned, 
til©  molecules  are  excoerjjngly  immobile ;  the  watery-agur  and  the 
agary -water  constituents  do  not  separate  from  one  another,  and  hence 
the  surface  of  contact  between  the  two  solutions  is  very  great  On  the 
other  hand,  in  binary  solutions  with  mobile  molecules,  such  as  ether 
and  water  or  phenol  and  water,  the  surface  between  the  two  mixtures 
is  soon  reduced  to  the  *<mallest  possible  area,  namely  a  plane.     All 

•  similar  mixtures,  having  a  surface  in  common  through  which  diffusion 
from  one  solution  into  the  next  may  take  place,  are  said  to  be 
conjugate. 

(c)  On  cooling  the  agar  mixture  still  more,  the  solution  containing 
the  higher  percentage  of  agar  begins  to  solidify  on  its  surface,  and 
this  'setting'  produces  the  jelly-like  state. 


50 


COLLOIDS  AND  COAGULATION 


A  microscopical  study  of  the  phenomena  just  described  can  readOy 
be  made  with  a  ternary  mixture,  such  as  a  solution  of  13-5  grma.  of 
gelatin  in  a  fluid  composed  of  50  cc.  water  and  50  cc.  absolute 
alcohol.  Above  17°  C.  this  mixture  is  homogeneous,  but  on  lowering 
the  temperature  it  becomes  viscid,  and  simultaneously  with  this  change 
there  appear  minute  fluid  granules  which  gradually  grow  to  3/x,  in 
size.  At  12°  the  viscous  mixture  seta  and  the  fluid  gratiules,  which 
had  arranged  themselves  into  'anastomosing'  threads,  become  solid. 

If  solutions  containing  more  than  13-5  per  cent,  gelatin  be  taken, 
then  somewhere  between  this  and  30-5  per  cent,  strpngth,  a  sudden 
inversion  of  the  system  occurs,  for  now  the  granules  or  droplets  in 
the  mixture  no  longer  contain  the  higher  percentage  of  gelatin,  but 
less  than  that  found  in  the  remainder  of  the  mixture,  as  is  shown  by 
the  accompanying  table : 


Mixturt, 

DrojAeta. 

yexus  JlHid. 

6.7 

1? 

a 

Temperaiun  i5°C. 

135 

18 

55 

365 

e-s 

±40 

When  therefore  colloidal  matter  occurs  in  the  state  of  a  gel,  which 
means  a  mixture  of  a  fluid  and  a  solid,  then  '  it  may  consist  of  a  solid 
mass  containing  spherical  fluid  droplets,  or  of  solid  droi>lets,  which 
by  hanging  one  to  the  other  form  a  framework,  in  the  spaces  of 
which  fluid  is  held.  These  two  types  present  important  mechanical 
peculiarities.  The  former  is  firm  and  elastic,  and  it  maintains  its 
structural  integrity  even  under  high  pressure.  The  latter  is  much 
more  brittle  and  manifests  a  tendency  to  spontaneous  shrinking, 
which  is  due  to  a  continuous  increase  in  the  sui-face  of  contact,  or 
possibly  union  between  droplet  and  droplet.  These  gels  with  an  open 
solid  framework  therefore  specially  raanife.st  that  property  of  spon- 
taneous shrinkage  to  which  Graham  applied  the  term  "synaerC'iBis."* 

That,  however,  watery  gelatin-jelly  does  not  show  any  structure  as 
long  as  it  remains  reversible,  and  also  that  it  becomes  irreversible 
and  coarsely  sjxtngy  by  the  action  of  formol  and  other  fixatives,  will 
be  pointed  out  later  (p.  133). 

Aa  regards  the  solidification  on  cooling,  gelatin-jelly  does  not 
stand  isolated,  for  a  great  many  colloidal  solutions  may  have  the  colloid 
separate  out  either  completely  or  partially  on  cooling,  this  separation 
being  equivalent  to  the  colloid  assuming  a  firmer  state. 

A.  2.  Heat-reversible  colloids. 

Heat-reversible  gels  may  also  he  formed,  for  Sydney  Ringer ' 
showed  that  casein  in  a  slightly  alkaline  solution  forms  a  solution. 
which  on  heating  becomes  a  jelly  and  on  cooling  reverts  again  to  the 
fluid  state ;  but  this  type  of  jelly  comes  under  the  heading  of 
precipitation,  and  is  discussed  on  p.  65. 

B.  On  mechanical  conglutination  (coagulation). 

The  production  of  mechanical  coagula  has  been  very  carefully 
studied  by  Ramsden  *, 

'  Journal  1^ PhV*i<^oai/t  1^>  4^4  (i89o\ 

'  Ramsden :  Arch.  J.  AnaL  u.  Phyeiot.  (phyaiol.  AbtMl.),  s<  7-530  (1B94). 
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Filtered,  clear  solutions  of  white  of  egg  and  other  'proteids*  on 
being  shaken  in  a  test-tube  soon  fonm  masses  in  the  shape  of  long 
stranda  and  flocculi.  These  mechanical  'coagula'  probably  differ 
physically  i-atlier  than  chemically  from  the  original  '  proteid,'  as  in 
many  instances  they  disappear  spontaneously. 

The  following  explanation  gpems  to  me  to  account  for  the  pheno- 
menon : — The  molecules  of  white  uf  egg  in  a  dilute  watery  solution 
may  be  supposed  to  be  evenly  distributed  and  spheroidal  in  shape. 
If  in  suflicient  numl«er  to  touch  one  another,  regular  geometrical 
figures  will  result,  as  are  seen  for  example  in  foams,  with  this 
difference,  that  each  space  in  the  foam  must  be  imagined  to  be  filled 
by  one  molecule  of  proteid.  Such  solutions  of  '  proteid  '  appear  clear 
because  all  the  molecules  being  symmetrically  arranged  will  form 
a  homogeneous  mass. 

"Where  the  solution  is  in  contact  with  the  air,  as  on  its  free  surface, 
the  prot^id-molecules  are  subjected  along  with  the  water-molecules  to 
the  effects  of  surface  tension,  imd  may  be  supposed  to  form  collectively 
an  ehtstic  proteid  membrane.  The  lat(er  again  appears  clear  because 
the  component  molecules  are  all  similarly  arranged,  forming  a  homo- 
geneous layer.  By  shaking,  th*?  surface  particles  are,  suddenly,  partly 
relea-sed  from  tension  and  partly  sutgected  to  still  greatf-r  stress,  and 
being  unable  to  resume  at  once  the  original  shape,  owing  to  their 
viscosity,  masses  of  distorted  and  compressed  molecules  will  be 
produced.  On  continuing  the  proce-^s  of  shaking,  the  already  formed 
aggregates  act  as  nuclei  to  which  other  surface  molecules  attach 
themselves,  and  thus  strands  and  fibres  are  formed  of  sufficient  size 
to  become  visible  to  the  naked  eye. 

That  the  aggregated  molecules  become  visible,  depends  on  the  fact 
that  light  is  reflected  and  refracted  from  all  heterogeneous  mixtures, 
such  as  /he  distorted  proteid  pirt teles  floating  amongst  non-distorted 
ones.  The  spontaneous  disapjtearance  of  the  ^  coagula '  is  reversely  due 
to  the  gradual  recovery,  by  each  molecule,  of  its  uniform  state  of  rest '. 

It  may  be  useful  to  point  out  that  a  molecule,  and  especially 
a  proteid  one,  must  not  l>e  imagined  as  a  solid  particle  like  a  pebble 
on  the  shore,  but  as  n  porous  structure  resembling  a  sponge  and 
permeated  by  the  solvent  or  fluid  in  which  it  floats.  Under  certain 
conditions  the  solvent  may  be  withdrawn  from  or  be  squeeased  out  of 
molecule  as  shown  beluw. 

C.  On  coagulation  proper  by  physical  means. 

Coagulation  according  to  the  definition  given  above  is  a  process 
which  leads  more  or  less  completely  to  the  separation  of  a  colloidal 

'  SUrk  ',  in  theZeilMchf.  BioL  40,  419  (1901%  «xpl«inB  these  'tn(«haii)c«lco4iguJ»' 
as  due  to  »  drying  ut  the  protoid,  whvuever  air-bubbles  &re  formed  in  proteid 
solutions.  To  prove  his  point  he  fills  a  bottle  completely  with  proti.nd  solution, 
drops  in  pieces  of  glass  rods  about  ono  centimetre  long,  oorks  the  bottle  so 
M  to  exclude  ull  air,  aha kea  vigorously  for  some  weeks,  and  obtains  110  'coagula.' 
This  f-spctiment,  however,  excludes  those  very  conditions  as  to  nurface  tension 
whi<-h  I^msdcn  oonAidcni  are  essentiul  to  hin  results;  beaidus  whii-h  Bamaden 
Adu|»(eil  apocial  precautions  to  prevent  tho  drying  of  th*.-  foam.  Starke  has  D«t 
taken  Ihvi  laws  ol  VMpour  pressure  into  consideration,  otherwise  he  Would  not 
hav»>  published  his  criticism. 
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Bubstance  from  its  uniform  suspension  in  a  solvent ;  the  separation 
resulting  in  the  formation  of  a  honeycombed,  sponge-like  structure 
or  an  amorphous  mass. 

C.  I.  "Bte  ejfect  of  dehydration. 

No  allusion  will  be  made  here  to  the  actual  dr\'ing  of  proteid 
substAticoSj  as  in  making  film  preparations  or  in  using  Altiuann's 
dehydration  mt-thod  (p.  139),  but  the  throwing  down  of  globulins  and 
albumins  from  their  watery  solutions,  by  means  of  salts,  has  to  be 
considered.  The  idea  that  salts  may  act  as  'dehydrating  agents'  and 
thus  lead  to  the  separation  of  proteids  started  with  Hofraeister ',  as 
mentioned  on  p.  30,  and  hfis  been  worked  at  by  several  of  his  pupils, 
in  particular  by  Kander^,  who  introduced  the  method  of  fcaetional 
precipitation,  and  Lewith  *.  The  results  obtained  by  the  latter  and 
his  views  have  already  been  stated  on  p.  31.  In  addition  to  the 
substances  mentioned  there,  calcium  chloride  is  also  interesting 
because,  owing  to  its  great  hygroscopic  i>ower,  in  saturated  solutions 
it  will  precipitate  albumin  (Hofnieister). 

Precipitation  of  proteids  by  neutral  sidts  amounts  thus  practically 
to  a  physical  crowding  out  of  the  proteid-moleculoa  by  the  molecules 
of  the  neutral  salt,  as  pointed  out  by  Spiro  *. 

Cohnheim  *  distinguishes  four  groups  of  salts  with  regard  to  their 
coagulating  power,  namely  (i)  Sodium: — chloride, — sulphate, — acetate 
anil  nitrate,  which  salt  out  fibrinogen  and  casein  completely,  even  if 
their  solutions  are  not  quite  saturated.  {2)  Magnesium  Sidphate, 
which  allows  a  ready  separation  between  the  ghdjulina  and  albumins. 
(3)  Potassium  acetate,  calcium  chloride  and  nitrate^  and  Schiifer's 
mixture  of  sodium  and  magnesium  sulphat^^s,  all  of  which  in  saturated 
solutions  completely  coagulate  both  globulin  and  albumin.  {4)  Am- 
moniimi  sulphate  and  zinc  sulphate,  of  which  the  former  was  intro- 
duce<l  by  Mehu  "  and  the  latter  by  A.  Bomer  and  E.  Zunz  *.'  These 
two  reagents  coagidate  every  proteid  except  peptones. 

Why  the  four  groups  of  salts  just  mentioned  precipitate  in  the 
order  given,  is  as  yet  quite  impossible  to  say,  but  there  is  little  doubt 
they  act  mainly  by  absorbing  all  the  available  water  ;  by  dehydrating 
the  proteid-moleeulea  in  a  manner  analogous  to  the  dehydration  of 
blood  corpuscles  by  strong  sodium  chloride  solutions,  wliich  latter 
also  change  the  optical  properties  of  blood-solutions. 

On  the  supposition  that  proteids  are  hydrates  when  in  true  col- 
loidal solution  (p.  451,  we  must  further  bear  in  mind  that  dehydration 
will  prevent  the  proteid -molecules  fix>m  maintaining  their  electrical 
charge,  and  that,  for  this  reason  also,  they  will  tend  to  aggregate. 

"  Fmnx  Hofmeister  :  'Zur  Lehre  t.  d.  Wirk,  d«  SttbM,'^rcA./.  experiment.  PuthoL 
U.Ph'trm.  118861. 

^  KHndtT  :  'Z.  KenntnisB  d.  Eiwei^sk.  d.  Btutaeruma/  Arch./,  txpnim.  Palh,  w. 
I^arm.  20,  411  (1886). 

'  Lcwiih  :  '  Z.  Lehre  v.  d,  Wirk.  d.  Rake,'  fbid.  24,  i  1  j888'. 

*  K.  Spiro;  Pkysik,  u,  physinl,  Selekiitm,  HalnlitntionHsclinlt,  Strasabui^  (1B97}. 

*  Cohnheim  :  Chtmit  der  Eitoeistkiirper,  Engli^th  traaiilation,  Hacmillan. 

*  Hi^liu  :  Joum.  de  Pkarm.  at  de  Chitn.  |,anilt,  1878). 
'  B{)nier:  ZeiUcKf  analyt.  Chem.  84,  56a  ('895). 

*  Zuns:  Zntaeh, /.  physiol.  Chem.  27,  319  (1899). 
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Whether  some  of  the  salts  mpntioned  above  do  nut  also  act  chemi- 
cally it  is  difficult  to  say.  for  mugueHium  sulphnte,  which  is  neutral 
to  litinui).  1%  acid  to  phtiiolplitlialein,  us  has  bc>t»n  pointed  out  by 
Hardy. 

Hofmeister  has  shown  that  all  salts  which  precipitate  well  do 
not  for  this  very  rea^jon  ponetrate  cells  easily,  and  ako  that  they 
an?  not  readily  absorli^d  from  the  intestinal  cjinaL  This  I  can 
confirm  from  experiments  made  while  investigating  their  action 
on  tissues.  It  is  absolutely  necessary,  if  we  desire  to  procure  good 
Bxation.  fur  example  with  ammonium  sulphate  solutions,  to  inject 
warm-blooded  animals  with  solutions  saturated  at  40°  C,  and  made 
neutral,  if  nccesstiry,  with  ammouiu. 

From  my  test-tulx?  exiKniments (p.  103)  it  will  further  be  seen  that 
methyl  and  ethyl  alcoliul  ami  acetone  (Experiment  2),  glacial  acetic 
acid  (Experiment  3),  and  pure  forinol  under  certain  conditions  (Ex- 
periment 4I,  also  throw  down  albumin  as  coarse  membranous  flocculi. 

For  lUl  these  different  coagtila  I  believe  the  same  explanation  to 
hold  good,  namely,  that  primarily  we  are  dealing  with  dehydration. 


C.  2.  Coagulation  due  to  alterations  in  the  electrioil  tension  between  Ike 
colloid  and  its  solvent. 

In'  the  chapter  on  electro-chemistry  it  was  show^  that  an  electro- 
lyte by  dissociating  into  its  ions  always  gives  rise  to  an  amount  of 
positive  electricity  which  equals  the  amount  of  negative  electricity,  and 
that  the  eleetricaU  charges  are  distributed  over  ions.  It  was  further 
shown  (p.  10)  that  each  kind  of  ion  travels  with  its  own  velocity, 
tlie  two  fastest  ions  being  tho  acid  hydrogen  and  the  alkaline  hydroxyl 
ions. 

If  now,  for  example,  hydrochloric  acid  ia  poured  into  water,  the 
positive  hydrogen  ions,  travelling  much  faster  than  the  negative 
chlorine  ions',  diffuse  more  quickly  into  the  surrounding  water,  and, 
carrj'ing  their  positive  charge  with  them,  will  render  that  part 
of  the  water  where  they  arrive  more  positive  than  that  part  which 
contains  the  slowly  wandering  chlorine  ions.  If  one  electrode  is 
piflcet]  where  the  hydrogen  ions  are  abundant  and  another  where 
the  chlorine  ions  are  more  numerous,  an  electrical  current  can  readily 
be  demonstrated.  The  idea  that  diflFerences  of  potential  are  due  to 
difTerenoes  in  the  rate  of  migration  of  ions  was  first  suggested  by 
Nernst  (1888). 

Similarly,  if  we  start  with  a  liquid  chain  composed,  for  example, 
of  5  p4'r  cent,  sodium  chloride  solutions  at  the  ends  and  10  per 
cent  hydrochloric   and    10   per  cent,  caustic  soda  in  the   middle. 


5  per  cent. 
Naa 

10  per  oent. 
MaOU 

10  per  cent. 

5  per  cunt, 
NaCl 

then  by  the  interaction  of  the  alkali  and  the  acid  a  5  per  cent,  salt 
solution  will  be  formed  in  the  middle : 

'  Hydrogen -ion  »  390;  chlorine-ion  •  65. 
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S  per  cent. 

NaCI 


lo  per  ront. 
NaOH 
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5  per  cent. 


lo  por  com. 
HCl 


5  \K'T  fent. 
NaCl 


On  diluting  A  and  E  a  current  will  pass  from  B  to  D,  that  is,  from 
the  alkali  to  the  acid,  because  the  hydrogen  ions,  H*,  'will  pass  from 
D  into  E  mure  quickly  than  the  chlorine  ions,  CI',  and  similarly  the 
hydroxy!  ions,  OH,  enter  A  more  freely  than  do  the  slower  sodium 
iona  ;  therefore  an  excess  of  negative  chlorine  ions  heing  left  in  D  and 
an  excess  of  positive  sodium  ions  in  B,  the  latter  becomes  electro- 
positive to  D  and  the  current  in  the  solution  passes  from  B  to  D. 

The  same  result  will  be  obtained  by  strengthening  the  salt  solution 
in  C,  and  for  the  same  reason. 

On  strengthening  the  salt  solutions  in  A  and  E,  or  by  diluting  the 
salt  solution  in  C,  a  currentwill  be  .set  up  from  the  acid  to  the  alkali. 
from  D  to  B,  because  the  fast  hydrogen  ions  will  carry  their  pasitive 
chai'ges  from  D  to  C  at  a  quicker  rate  than  the  slower  hydroxyl  ions 
will  cany  their  charge  from  B  to  C.  AVhen  the  hydrogen  iyns  meet 
the  hydroxyl  ions,  neutml  water  is  formed,  but  there  being,  owing  to 
the  rate  of  migration,  more  hydrogen  ions  than  hydroxyl  ions,  a  posi- 
tive stream  is  set  up  from  D  to  B '. 

Should  precipitates  be  formed  which  do  not  act  as  conductors,  such 
as  are  obtained  on  coagulating  egg-white,  but  little  interference -with 
the  strength  of  the  current  is  set  up. 

Ill  the  liquid  chain  represented  above  by  A  to  E,  we  have  salt 
solutions  at  the  end,  while  in  the  middle  are  equivalent  solutions  of 
aikidies  and  acids  in  equal  volumes,  and  of  such  stivngth  as  to  form 
by  their  union  a  salt  solution  of  the  same  concentration  as  is  present 
in  the  end-links  A  and  E.  Given  such  a  chain,  no  current  is  set  up, 
though  a  chemical  union  takes  place. 

If  two  solutions  of  an  acid  varying  in  their  concentration  are  inter- 
polated between  the  same  s^ilt  solution,  a  current  passes  from  the 
stronger  to  the  feebler  solution,  the  electro-motive  force  increasing 
with  the  diflFerenc©  in  concentration.  If  the  dilute  acid  is  repkced 
by  water,  the  current  passes  from  the  acid  to  the  water,  and  with  the 
dilution  of  the  acid  diminishes  in  electro-motive  force.  Here  again  the 
current  is  caused  by  the  hydrogen-ions  migrating  rapidly  from  a  place 
of  greater  to  that  of  leaser  osmotic  pressure^  although  the  hydrogen* 
ion  is  not  subjected  to  a  greater  pressure  than  is  its  fellow  ion. 

The  greatest  difference  of  potential  will  be  set  up  in  a  solution  to 
which  an  electrol5^e  is  added,  the  radicals  of  which  differ  greatly  in 
their  rat©  of  migration,  as  for  example  in  the  case  of  hydrochloric 
acid  [H"  =  320  and  01'= 65],  while  no  differences  of  potential  can 
be  obtained,  for  example,  from  potassium  chloride  [K*  =  65  and 
Cl'=65j.  The  facts  just  stated  will  allow  us  to  undernitand,  if 
colloids  owe  their  existence  to  carrying  definite  charges,  how  such 
charges  will  be  influenced  by  electrolytes;  how  in  some  places  the 

'  Worm-Muller  :  PotjgemioTjfi  Ann.  140,  114  (1870').  See  also  GusUv  Wiede- 
mann :   IHd  Lehre  v.  d.  EieMricitdt,  (1893-8),  and  Max  Oker  Blum  :   PMs^r's  Areh. 

m,  191  (1901), 
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eolloidnl  charge  will  be  diminished  while  iii  others  it  will  be  in- 
creased, or,  %vhat  comes  to  Ihfi^  snmp,  how  in  the  former  case  bigger 
aggregates  are  formed,  while  in  the  latter  instance  the  original 
aggregatea  will  iM^come  sniallHr  or  even  pass  into  solution  (see  p.  46). 
Thus  by  the  diffusion  of  t^lectrolytes  alone,  the  original  state  of  the 
colloid  becomes  greatly  altered,  and  if,  in  addition,  new  insoluble  com* 
pounds  are  formed  between  the  radicals  of  the  electrolyte  and  the 
colloid,  tlien  the  temporary'  structural  eliangea  due  to  a  <listurbance 
of  the  electrical  equilibrium  may  become  '  fixed.' 

D.  ChemicQ-phy steal  factors  causing  * preeqntation.' 

For  descriptive  purposes,  the  hydrogr+n  and  hydroxyl  compounds  of 
colloids  are  discussed  by  tliemselvoe,  but  it  must  be  remembered  that 
they  differ  from  other  compounds  only  in  degree  and  not  in  kind. 

D.  I.  Precipitation  of  the  colloid  due  to  the  tcithdrawal  of  the  hydrogen 
or  hydroxyl  radical  or  due  to  ^ ntutralisation.^ 

Pure  albumins  and  globulins  Starke'  regards  as  acid  or  alkali 
albumins  or  globulins.     They  are  insoluble   in  water  and  neutral 

It  solutions,  but  are  soluble  in  very  dilute  acids  or  alkalies,  because 
ley  unite  with  the  H'  or  the  OH'-ions  to  foi-m  new  compounds,  as 
[can  be  demonstrated  by  using  tropaeolin  as  an  indicator. 

Alkali  and  acid  albumins  and  globulins  occur  naturally  ;  thus 
lentils  contain  an  acid  globulin,  while  an  alkali  globulin  is  found 
in  blootl,  and  these  are  kept  in  solution  because  they  occur  along 
with  either  the  acid  H'  or  the  alkaline  OH'-ions  The  relationship 
between  the  colloid  and  the  acid  H*  or  the  alkaline  OH'  has  been 
expressed  as  follows : 

1 1 )  The  acid  or  alkali  and  the  proteid  form  a  salt  which  ia  capable 
of  dissociation,  and  therefore  of  remaining  in  solution  (Starke). 

(2|  The  proteid  is  partly  in  solution  and  partly  in  the  colloidal 
state.  The  colloid  as  a  whole  is  kept  in  suspension,  because  the  acid 
or  alkali  which  was  added,  establishes  a  difference  of  potential 
Ijetween  the  solid  and  the  fluid  phases  of  the  colloid,  giving  rise 
to  a  double  electric  layer  round  each  solid  particle  (Hardy). 

(3)  A  neutral  pseudo-basic  proteid,  by  the  addition  of  the  acid  H*, 
is  converted  into  a  real  base,  and  the  pseudo-acid  colloid,  by  the  basic 
OH'  radical,  is  changed  into  a  real  acid.  This  possibility  is  baaed  on 
the  work  of  Cohnheim  and  Krieger  (p.  27). 

(4)  The  proteid  forms,  with  the  H*,  a  kat-ion,  or  with  the  hydroxyl 
ion,  an  an-ion ;   the  an-ion  in  the  former  case  is  the  anion  of  the 

^id  which   was    added,   while    in  the   second  case  the   kat-ion    is 
^the  kat-ion  of  the  alkali  adde<1  (see  p.  48). 

Whatever  view  we  adopt,  if  we  are  dealing  with  a  (colloid  -f  H)*, 
then,  by  the  addition  of  the  OH'  group,  neutral  water  is  formed, 
U'  +  OH'  =  H,0.  The  H  on  separating  from  the  colloid  takes  on 
the  positive  charge  and  becomes  H',  while  the  colloid  radical  loses 
its  charge  and  aggregates  into  larger  masses,  and  maybe  becomes 
precipitated  (p.  46). 

'  Starke  :  Zeit$eh./.  BM,  42,  187  (1901). 
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The  precipitation  in  this  case  depends  therefoi'e  on  the  chemical 

union  between  the  hydroxyl-  and  the  hydrogen-iona  producing  eloctri- 
cally  neutral  water,  and  thereby  diminishing  or  completely  destroying 
the  electrical  chaigt^a  on  the  colloid.  Another  method  of  rendering 
the  hydrogen-ion  inert  is  to  convert  it  into  tli6  non-ionic  state  by 
removal  of  the  an-ion  to  which  it  was  linked,  as  in  the  followiiig  case  : 
Given  faintly  acid  solutions — fur  example,  an  acid-albumin — coagu- 
lation may  be  induced  by  the  addition  of  neutral  salts  of  the  alkaliea 
or  of  alkaline  earths,  because  this  addition  drives  out  the  carbon 
dioxide  contained  in  tlie  water  and  thereby  renders  the  sohitiou 
leas  acid.  The  less  acid  the  albumin  solution  Ls,  to  begin  with, 
the  leas  neutral  salt  wdl  be  rei^uired  for  complete  coagulation. 

Alkali-albumins  in  an  alkaline  solution  are  coagulated  by  the 
addition  of  CO^,  or  other  dilute  acids  ;  by  small  quantities  of  alkaline 
earths,  probably  because  of  the  formation  of  insoluble  hydrates ; 
further,  by  dilution  with  water  or  dialysis  against  pure  water;  and 
lastly,  by  saturated  solutions  of  sodium  chloride  or  magnesium 
sulphate.  All  these  reactions,  except  the  last  (see  pp.  30  and  31), 
depend  directly  on  the  alkalinity  or  the  acidity  of  the  proteid^ 
compound  being  interfered  with.  When  Starke  states  that  the 
acidity  of  a  diluto  acid  is  diminished  by  a  neutral  salt,  it  must  be 
remembered  that  this  only  holds  good  if  the  acid  and  the  salt  have 
a  common  ii>n.  Starke  also  observed  if  the  same  amount  of  alkali 
is  added  to  two  test-tulws,  one  of  which  contaiiis  pure  distillud  water 
while  the  other  contains  an  equal  amount  of  pure  sodiuni  chloride 
solution,  made  up  with  the  same  distilled  water,  that  in  the 
latter  case  litmus  paper  is  turned  much  bluer.  The  explanation  he 
offered  was  that  alkalies  in  the  presence  of  neutral  salts  dissociate 
to  a  greater  extent,  and  therefore  give  a  more  pronounced  alkaline 
reaction.  This  view  cannot  be  upheld,  because  by  the  addition  of 
neutral  salts  the  CO,  normally  present  in  water  is  discharged,  and 
therefore  the  alkali  which  is  added  will  not  be  partly  bound  by  thei 
acid,  and  in  consequence  will  produce  a  stronger  elTect  on  the  litmus. 
I  arrived  at  this  cunclusion  by  adding  neutral  litmus  solution  to 
distilled  water,  and  then  boiling  it  to  get  rid  of  the  COj.  My  con- 
clusions are  borne  out  by  the  criticism  of  Starke's  paper  in  Wolff  andj 
8m its'  article  \ 

D.  2.  Preripitation  due  to  a  retnoml  0/ salts, 

Prottiids,  which  require  the  presence  of  neutral  salts  to  remain 
in  solution,  are  widely  distributed  amongst  both  plants  and  animal!-, 
and  are  represented  by  the  globulins  proper  and  the  closely  allied 
muacle-proteids  (paramyosinogen  and  myosinogen).  These  substancee 
are  precipitated  from  their  solutions  either  if  the  salts  normally 
present  are  removed  by  dialysis,  or  if  the  concentration  of  the 
inorganic  salts  is  greatly  diminished  by  the  addition  of  water. 
Various  causes  have  been  assigned  for  this  precipitation. 

W.  Pauli'  has  studied  the  effect  both  of  non-electrolytes  and  of 

'  K.  Wolff  and  A.  Smits  :  ZeiUch. /.  Bint.  41,  437    1931). 
'  Pauti  :  Pfiager't  ArxJt.  78,  315  (1899) 
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eleetrolyies  on  globulin  solutiuns.  He  found  pure  water  containing 
grape-eugur  in  quantities  varying  from  mere  traces  up  to  3-25  uormnl 
(=  68-5),  or  containing  pure  urea  up  to  three  or  four  times  uornial 
strength,  always  precipitated  glolmlin  as  if  neither  sugar  nor  urea 
had  lieen  present,  and  the  globulin  which  separated  out  in  these 
Bolutioas  could  always  be  readily  dissolved  by  the  addition  of 
neutral  salts.  He  drew  the  conclusion  that  globulin  requires  for  ita 
solution  the  presence  of  a  neutrnl  suit  which  has  diHsociated  into 
its  ions,  and  Ihut  the  non-di$isociated  inoIeculeH  of  a  salt  pluy  no  part. 
The  ion-action  depends  on  the  nuniWr  of  ions  present  and  on  the 
quantity  of  the  globulin^  for  only  that  amount  of  globulin  passes 
into  solution  for  which  sufficient  salt  has  been  added,  and  the  sub- 
sequent clearing  of  the  globulin  solution  is  proportional  to  the  amount 
of  salt  added. 

The  fact  that  free  ions  render  globulin  soluble,  leads  Pauli  to  sup- 
pose that  the  negative  and  positive  ions  unite  with  the  proteid-mole- 
cules  in  a  loose,  chemical  manner,  the  kat-ions  attaching  tbemselves 
to  certain  radicals  in  thn  proteid  while  the  an-ions  join  on  to  other 
groups.  This  supposition  is  supported  by  the  following  analogous 
case,  which  was  pointed  out  to  Pauli  by  Hofnieister :— Aniido-ucids 
unite  simultaneously  with  both  alcohol  and  hydrochloric  acid  to  form 
beautifully  crj'stalline,  very  pernnment.  water-soluble  conifwunds.  for 
example  HCINH,  €00(CJlJ.  After  removing  the  HCl  of  this  bixiy 
with  AgjO,  the  remaining  water  soon  decomposea  by  giving  off  the 
alcoholic  radical. 

On  this  principle  globulin  and  sodium  chloride  would  form  the  com- 
pound (HCl) — globulin— (NaOH)—H,0,  or  more  probably  according 
to  the  formula,  globulin  -^  NaCl  =  (Cl-  globulin — Na),  In  support 
of  this  lust  view  Pauli  refers  to  the  investigations  of  Spiro  and  Pemsel, 
who  showed  that  proteids  can  bind  both  acids  and  bases. 

Cohnheim,  however,  has  riglitly  pointed  out  tlmt  Pauli's  view  does 
not  account  for  the  precipitation  of  the  globulin  which  results  from 
diluting  its  solution,  as  in  this  case  no  ions  are  removed,  and  he 
suggests  that  globulins  are  rendered  insoluble  owing  to  their  strong 
hydrolytic  dissociation.  This  latter  we  may  assume  to  be  induced 
on  the  same  principle  as  the  hydrolj'tic  deconiftosition  of  many  salts 
of  the  heavy  metals  which  form  clear  solutions  as  long  as  they  are 
concentrated,  but  which  on  dilution  at  once  undergo  hydrolysis, 
forming  insoluble  hydrates. 

8tarke  \  in  1900,  found  that  a  substance  giving  all  the  characteristic 
reactions  of  ordinary  globulins  may  be  obtained  by  diluting  egg-white 
with  ten  times  its  t)ulk  of  water  and  then  «lialysiug  the  solution  at 
a  tem(^>eraturo  of  75-85*"  0.  Theie  is  formed  by  thin  process  a  substance 
which  is  quite  insoluble  in  pure  water,  and  also  in  neutral  salt  solutions, 
but  which,  when  treated  with  very  dilute  alkalies,  becomes  soluble. 
Starke  found,  after  adding  the  same  amount  of  alkali  to  two  identical 
quantities  of  globulin,  that  more  globulin  pas-sesinto  solution  if  neutral 
salts  are  present,  and  explains  his  results  on  the  assumption  that 
alkalies  undergo  greater  dissociation  in  the  presence  of  neutral  salts, 
'  J.  SUrk«  :  ZeiUck./.  Bid.  40,  419,  494. 
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and  that  for  this  reason  they  produce  a  greater  effect.  As  shown  on 
p.  56,  Starke's  esfjlanation  is  impossible  ;  but,  apart  from  the  fact  that 
neutral  salts  do  drive  out  carbon  dioxide  from  solutions,  we  must 
remember  Pauli's  work  (see  p.  62)  and  Hardy's  observation  (pp.  39 
and  40),  and  therefore  arrive  at  this  conclusion  :  Globulins  pass  into 
solution  only  in  the  presence  of  free  hydrogen-  or  free  hy<lroxyl- 
ions,  —  and  neutral  electrolytes,  if  electrically  dissociated,  greatly 
augment  the  power  of  the  U*  and  Oil'  ions. 

D,  3.  Precipitation  due  to  the  formation  of  insoluMe  salts, 

Proteids  with  the  salts  of  heavy  raetala  form  insoluble  com|>ound8, 

provided  that  the  metallic  salt  forms  an  acid  solution  owing  to 
hydrolytic  dissociation,  as  in  the  case  of  corrosive  sublimate,  HgCI., 
(—  HgOH  +  2HCI:  see  p.  21  ( — or  if  the  salt  of  a  metal  be  mixed 
with  an  acid,  as  is  done  in  the  ease  of  ferrocyanide  of  potash  and 
acetic  acid  (=  fen*ocyanic  acid).  Even  those  salts  which  give  rise  toi 
an  acid  solution  act  better  if  some  free  acid  be  added,  for  the  reason 
that  normal  proteids  contain  basic  diamido-acids  (see  p.  281). 

The  formation  of  salts,  between  the  heavy  metals  (such  as  mercury 
or  ironji  and  the  proteid,  depends  on  the  replacement  of  the  normal 
hydrogen  of  the  proteid  by  metals  having  greater  elfctro-aflinities 
(see  p.  14),  and  the  heavy  metals  in  their  turn  are  replaced  by  the 
metals  of  the  alkalies  which  have  still  stronger  electro-affinities. 
According  to  this  view  it  is  easy  to  interpret  Exiwriment  8  on 
pp.  109-112:  Sodium  chloride  dissolves  an  albuminate  of  mercury 
because  a  soluble  albuminate  of  sodium  and  non-dissociated  corrosive 
sublimate  are  formed.  As  already  mentioned  on  p.  8,  undissociated 
or  electrically  neutral  sublimate  molecules  do  not  precipitate  proteid. 

Attention  is  specially  drawn  to  the  paper  by  F.  Rose^  in  1833, 
who  was  the  fii'st  to  show  that  only  the  metallic  radical  of  salts, 
such  as  sublimate  or  copper  sulphate,  enters  the  proteid-molecule, 
while  the  acid  radicals  (CI  or  SO^)  do  not.  He  also  points  out  that 
haemoglobin  prepared  by  Berzelius'  method  is  precipitated  by  con- 
centrated sublimate,  but  that,  on  diluting  the  mixture,  it  passes  into 
solution.  It  is,  however,  again  precipitated  by  increasing  the  amount 
of  sublimate. 

The  chlorides  of  gold,  platinum,  palladium,  indium,  &c.,  are  not 
true  chlorides,  but  are  hydrogen  salts,  as  explained  on  p.  78. 

D,  4-  Heat-coagulation. 

Natural  albumins  are  always  changed  chemically  by  heat  action, 
a  fact  which  must  l)€  kept  in  mind  in  micro-chemical  research  *. 
They  become  more  basic :  thus  distinctly  acid  solutions  become  less 
acid  and  neutral  solutions  turn  alkaline.  On  the  other  hand  solutions 
of  mtiscle-proteids,  which  are  essentially  globulins,  are  rendered  acid 
by  heat-coagulation,  as  was  first  8hov\^n  for  myosinogen  and  para- 

'  F,  Row  :  Poggtndorff"s  Ann.  28,  13a  (1833'. 

'  ColuiluiLm  :  The  ChnHutry  of  ProttidH,  ExiglUh  (rauHlation,  Maomilian. 
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lyoainogen  by  HaUlborton,  and  as  has  been  fully  confirmed  by 
N.  Stewart '. 

That  heat-coagulation  is  not  accompanied  primarily  by  any  great 
chemical  alteration  seems  to  be  shown  by  the  work  of  Corin  and 
Ansiaux  ',  wbo  found  that  the  first  traces  of  coagulation  disappeared 
on  quickly  cooling  and  shaking  the  solution. 

Aronstein*,  in  1874,  described  how  albumin  freed  from  inorganic 

ilts  by  prolonged  dialysin  becomes  unci>iigulable  by  heat,  but  that 

the  addition  of  salts  restores  the  power  of  coagulation.     We  do  not 

know,  OS  yet,  the  precise  nature  of  that  chemical  change  which  heat 

induces  in  proteids,  provided  salts  are  present. 

Cohnheim  belipvvs  that  even  in  neutral  solutions  traces  of  acid  may 
be  present,  and  he  aasumos  the  increase  in  alkalinity  after  heating 
to  be  due  to  this  acid  uniting  with  a  part  of  the  all»umin  to  form 
acid  albumin,  anil  l)eoonung  for  this  reason  undetectable  by  litmus. 

F.  Michailow*  urigiiialed  the  conception,  that  heat-coagulatiuu  is  due 
to  a  ilehydration  of  the  pn»teid  molecule  and  nnahfgous  to  the  change 
which  occurs  \vh»Hi  inurganic  substances  give  off"  their  water  of 
crystallization.  This  conception  ha.s  been  adopted  by  Starke*  on  tlie 
following  grounds:  Globulin  is  precipitated  by  diluting  its  solution  ; 
the  precipitate^  if  thoroughly  washed  in  water  to  remove  all  traces  of 
salts  and  alkalies,  is  rendered  insoluble  in  neutral  salt  solutions,  while 
it  is  still  soluble  in  dilute  acids  or  alkalies.  8uch  globulin,  suspended 
in  neutral  salt  solutions  and  boiled,  is  changed  by  heat  into  a  substance 
which  no  longer  dissolves  on  the  addition  of  dilute  acids  and  alkalies 
l>ecause  it  has  Income  coagulated.  Taking  the  same  amount  of  globulin 
JUj  each  case,  Starke  found  that  it  was  completely  coagulated  by 

05  grin*  mol.  Mt;S04  0-0x53  grin.  mol.  CaCts 

o-m         ,,  NiiCl  04x5  „        MgCl, 

o.t6       „  KCI 

These  salts,  arranged  according  to  their  coagulative  power,  may  be 
divided  into  three  gioups,  namely 

I.  MgSO«,  2.  NaCl,  KCI,  3.  CaCl,,  MgCl,, 

and  this  order  represents  also  the  water-absorbing  power  of  these 
salts  (de  Vries). 

Therefore,  according  to  Starke,  those  sails  coagulate  best  which 
have  the  greatest  affinity  for  water,  and  coagulation  amounts  to  a 
loss  of  the  water  of  crystallization  or  water  of  constitution.  Chemical 
union  between  the  metal  and  the  proteid  he  excludes  because  MgSO^ 
and  MgOl^  stand  ut  the  two  ends  of  the  series,  but  he  has  not  taken 
the  an-ion  radicals  into  account  (see  later,  p.  66). 

Scbadee  van  der  Dot^s'  has  described  how  solutions  of  egg  and 
serum  albumin  may  tie  rendered  uncoagulable,  by  l>eing  shaken  up 
with  froehly  pre}>ared  metallic  stiver,  or  freshly  [>repared  or  not  too 

'  O.  N.  .Stewart  :  Jamn.  n/ Pk^oL  24,  450  (1899). 

*  Corin  and  An&iaax  :  Aifi.  dt  I'Atad.  Ktry.  de  helg.  No.  ai. 

*  B.  Aroiutein  :  PflAga-*»  Artk.  8,  75    18741. 

*  Michntlow  :  Chemiaeh.  CmtraJU.  (1887;,  2088. 

*  JoUaniim  Starke  :  Zeitxh./.  Biol.,  Jubelband  z.  Ebren  r.  C.  Voit,  ao6  ^1901). 

*  SchkdM  ran  der  Does :  Ztitach./.  pkftaiU.  CAtm.  24,  351  ((897). 
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old  silver  oxide'.  Silver  chloride  and  silver  sulphide  do  not  act  in 
this  way.  It  is  suggested  by  him  that  the  silver  may  possibly 
replace  the  sulphur  of  the  pro teid -molecule.  Another  explanation 
is  offered  on  p.  67. 

Much  has  been  written  as  to  the  value  of  recognizing  different 
albumius  by  their  specific  temperatures  of  coagulation,  but,  as  every- 
tliittg  de].M?nd8  on  the  reaction  and  the  amount  of  salts  prfsent,  this 
method  cannot  be  used  for  the  histological  deterrai nation  of  diffeiient 
albumins,  although  definite  histological  changes  can  be  made  out  on 
gradually  warming  epitlielial  cells  luid  niuscle-tibres'. 

W.  Pauli  (Paschelea)  ^  has  made  a  careful  study  of  those  changes 
in  the  coagidation-temperalure  of  globulin  which  are  produced  by 
mixing  neutral  salts  with  solutions  of  egg-white. 

The  egg-white  was  whipped  and  filtered,  and  the  clear  filtrate, 
stored  in  a  dialyser  surrounded  by  cold  water,  was  kept  exposed 
to  the  vapour  of  chloroform.  Before  use  tliis  stock  solution  was 
diluted  5  to  10  times  with  distilled  water.  The  small  amount  of 
salts  contained  in  such  a  solution  is  negligible  because  large  amounts 
of  siilts  have  to  be  added  to  pr<.>duce  i>recipitiitiun. 

The  salts  experimented  with  were  rendered  in  ever-j'  case  carefully 
neutrah  and  were  generally  added  to  2  ce.  of  the  stock  proteid- 
aolution  in  such  quantity  as  to  make  the  total  amount  of  fluid  equal 
10  cc.  All  salts  were  further  used  in  equi-molecular  gram-weight 
solutions  (l  :  1000  cc.  of  water),  that  is,  in  'normal'  strengths; 
plurivalent  acids  or  bases  were  employed  in  equivalent  solutions, 
and  the  water  of  crystallization  was  taken  into  account. 

The  occurrence  and  degree  of  precipitation  were  gauged  by  a 
p]-inted  i>aper  just  becoming  invisible  when  placed  behind  the 
test-tube. 

Pauli  finds  the  time  of  heat-coagulation  to  be  shortened  by 
chlorides  and  acetates,  while  it  is  lengthened  by  bromides  and 
nitrates.  This  phenomenon  is  quite  distinct  from  the  raising  or 
lowering  of  the  temj^erature  of  coagulation  by  a  salt.  Those  salts 
which  delay  coagulation  produce  a  faint  or  deep  sky-blue  colour, 
owing  to  the  reflection  of  rays  having  short  wave-lengths,  while  salts 
which  hasten  coagulation  produce  a  yellowish-grey  colour. 

The  higher  the  j>erceutage  of  the  proteid,  the  lower  is  the 
temperature  of  coagulation.  ^^J 

In   no  case  does  an  increase  in  the  amount   of  a  salt  produce^^f 
a  proportional  rise  of  the  coagulation-temperature,  and  with  some^^ 
salts,  such  as  lithium  and  sodium  chlorides,  after  a  certtiin  maximum 
effect  has  been  produced,  the  coaguhition-temj:>erature  is  lowered  on 
still  further  increasing  the  amount  of  these  salts. 

'  Toobliijn  met«llk"  silver  in  a  Hik  ly  procipitat**!  form,  iUHpend  silver  chloride 
in  dilute  sulphuric  acid  ;  reduce  it  b.v  a  zinc  md  ;  treat  the  reduced  silver  fir«t 
with  huiliug  dilute  hydrochloric  Jicid,  thuii  wilh  n  wnrnicd  solution  of  snunoiiin, 
or  HS  Van  der  Does  cjilln  it,  ozonize  it.  and  finally  wjish  thoroughly  with  water. 
To  prevent  oxidation  by  tht<  air  krvp  th«  HilvtH-  uiidrr  wjitiT.  Silver  oxide  ia  moitt 
readily  obtatuud  by  ptvcipitutinga  silver  nitrate  Hidiitiun  with  pure  so4a  or  iM>Laith. 

*  Details  will  \ki  publiNhod  later. 

*  Pauli  (FaacheU'B) :   Fflvger$  Anh.18,  315  (1899% 
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CkUmdeg  of  ammuniuni,  potassium,  sodium,  lithium,  barium,  and 
magnesium  show,  in  the  orJer  given,  a  gr/idually  increasing  power  of 
raising  the  temperature  of  coagulation  or,  what  amounts  to  the  same, 
of  inhibiting  thp  tendency  to  coagulate.  Therefore  the  monovalent 
metals  have  the  least  effect,  while  the  divalent  metuls  are  the  most 
powerful.  No  relation  exists  between  Hie  niolfcular  weight  and  the 
inhibitory  power  of  Na,  Li,  Ba,  and  Mg,  Lithium,  although  an 
alkali,  resembles  in  its  action  the  metaU  of  the  alkaline  earths,  with 
■which  it  also  shares  the  property  of  forming  hydroxides  and  carbonates 
which  are  not  readily  soluble. 

Bromides  do  not  coagulate  proteids  by  thomselves.  As  amongst 
the  chlorides,  so  here  the  coagulation-ti'mperature  depends  on  Ihe 
basic  ion  (Pauli),  but  the  dibasic  magnesium  acts  like  the  monobasic 
alkali-metals, 

Io<Udt3,  if  pure,  do  not  precipitate  proteids  (Hofmeister).  Even  in 
low  concentrations  they  increase  the  coagulation-tenjperature  con- 
fliderably ;  they  soon  produce  a  maximal  effect  which  then  is 
diminished  on  further  concentrating  the  salt. 

Nitrates:  only  .sodimii  nitrate  in  55  normal  strength  coagulates 
globulin.  The  potassium,  sodium,  and  ammonium  salts  are  most 
efficient  in  raising  the  temperature  of  cuaguluiton,  while  the 
magnesium  and  lithium  salts  form  a  special  group,  analogous  to 
th«  chlorides. 

Thioeyanates  (rhodanates) :  the  potash  salt  is  like  potassium  iodide 
in  its  action. 

Acetates  resemble  the  chlorides ;  again  the  ammonia  compound 
has  the  least,  the  magnesium  compound  the  greatest,  and  the 
potassium  and  sodium  salts  intermediate  inhibitory  powers.  There- 
fore in  this  case  also  any  direct  relation  between  coagulation  and 
precipitation  may  be  excluded,  as  in  the  case  of  the  chlorides  iPaitli). 

Sulphates  resemble  the  chlorides  and  acetates  ua  regards  the  otidor 
in  whtch  the  metals  act.  Even  when  used  in  concentrations 
approaching  those  apt  to  induce  salting  out,  no  marked  effect  as 
regards  lowering  of  the  coagulation  point  can  l>e  detected. 

From  the  fact  that  globulins  and  albumins  are  coagulated  by  heat, 
while  the  albumoses  derived  from  them  are  not,  Pauli  draws  this 
conclusion :  the  albumin  molecule  owe«  its  coagulability  either  to 
the  fact  that  it  contains  several  albumose  molecules,  or  to  these 
latter  being  linked  together  in  the  albumin  molecule  in  some  special 
way.  Before  dealing  with  the  question  how  the  neutral  salts  exert 
their  influence,  the  author  shows  that  changes  in  the  coagulation- 
temperature  are  not  dependent  on  the  number  of  salt  molecules 
IHresent.  because  different  salts  when  present  in  equi-moleeular  numbers 
do  not  produce  equal  changes  in  the  coagulation-temperature.  Thus 
the  alkali  salts  of  monobasic  acids  resemble  one  another  as  regards 
osmotic  pressure,  because  they  dissociate  in  equi-moletular  solutions 
to  the  same  extent;  they  also  lower  the  freezing  point  of  ^vater  to 
the  same  degree,  and  yet  they  differ  greatly  in  their  inhibiting  power 
as  regards  coagulation-temperature.^  For  example,  thn  same  salt  in 
two  different  concentrations  (osmotic  pressures)  will  show  tlie  identical 
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results  on  being  heated  with  solutions  of  egg-whit«  ;  thus  I  normal 
reapinbles  3-5  normal  NaiCl,  and  1-5  normal  ec^uals  5  normal  LiCl  in 
its  effect.  Further,  different  salts,  in  the  same  molecular  numbers, 
produce  coagJilation  at  qiiite  different  temperatures. 

Therefore  it  is  essential  not  only  to  study  the  effect  from  the 
molecular  point  of  view,  but  also  to  take  into  consideration  the 
amount  of  dissociation  into  ions  which  the  salts  undergo ;  to 
investigate  in  short  the  [mrt  played  by  the  basic  and  acid  radicals 
of  salts.     For  this  purpose  Pauli  gives  the  two  following  tables. 

In  Table  A  the  basic  radicals  (kat-ions)  are  arranged  according  to 
their  efficiency,  tho  least  effective  being  always  meutiuned  first  and 
the  most  efl'ective  last ;  for  example,  ammonium  chloride  has  the 
least  inhibitory  power  as  regards  coagulation,  while  magnesium 
chloride  has  the  greatest. 

Table  A. 


CM<mdM. 

Bromidea. 

lodidef. 

NUrafts. 

Atelatea. 

Sutphata. 

Chfomatet^ 

NH» 

NH, 



Mg 

NH, 

Nil, 



K 

K 

Na 

(Li) 

K 

K 

K 

Na 

(Mg) 

K 

Na 

Na 

Mg. 

(Li) 

Na 

NH,^?) 

NH- 

— 

— 

NH.(?) 

Ba 

K 

Ba 

— 

Mg 

— 

Na 

Mg 

Mg 

— 

In  Table  B  the  acids  are  arranged  on  the  same  principle  as  the 
bases  are  in  Table  A. 

Tabi^  B. 


K 

Na 

NHi 

Ml, 

Ba 

ehloride 

chlorido 

chJoride 

_ 

_ 

acetate 

ace tale 

acelatu 

__ 

— 

sul  phate 

sulphate 

sulphate 

Miilphate 

— 

oxalttte 

cli  lorate 

— 

acetate 

acetate 

chromate 

nitrate 

nitrate 

nitrate 

— 

bromide 

bromide 

bromide 

bromide 

— 

rhodatiaie 

— 

— 

— 

— 

iodido 

iodide 

iodide 

chromate 

— 

nitrate 

— 

— 

chloride 

eliloride 

These  two  tables  show  that  salt  solutions  possess  'additive' 
(Ostwald)  properties,  which  means  that  the  effect  of  Siilt  solutions 
depends  on  the  sum  of  the  actions  of  their  kat-ions  and  their  an-ions, 
for  in  Table  A  in  most  salts  the  kat-ions  follow  in  this  order :  NH^,  K, 
Na,  Ba,  Mg,  Tho  curious  position  of  the  NH,  in  the  nitrates  and 
chromates  depends  on  the  ease  with  which  these  salts  decompose 
and  thereby  set  free  the  NH,,  Lithium  occupies  a  peculiar  position 
for  reasons  already  mentioned  (p.  61),  and  the  divalent  magnesium 
and  barium  resemble  one  another  in  their  action,  while  the  regular 
arrangement  of  the  alkali  metals  proves  that  the  part  played  by  them 
in  altering  the  coagul  at  ion -temperature  is  in  no  way  affected  by  the 
acid  radical  to  which  they  may  be  joined. 
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^B  r^ards  the  alkali  salts  it  may  further  be  said  that  the  action 
of  the  acid  radical  (the  an-ion)  is  the  predoiniiiating  one,*  for  the 
changes  in  the  coagulat ion-tern poraturo  produced  by  salts  with  a 
common  base  (kat-ion)  move  within  wider  limits  than  do  those 
de^^endent  on  salts  with  a  common  acid  (an-ion). 

Tubk  B  shows  an  nmingement  analogous  to  that  in  A,  for  the  acids 
(except  in  the  Mg  and  Ba  group)  are  almost  invariably  arranged  in  the 
same  order,  proving  that  the  changes  induced  in  the  coagulation- 
temperature  are  independent,  within  wide  limits,  of  thebaaic  radical!^. 

Special  experiments  were  further  made  by  Pauli  to  determine  the 
mutual  interaction  of  similar  ions. 

If  two  binary  electrolytes  be  taken  which  do  not  possess  a  common 
ion  there  M'ill  be  formed  in  a  solution  eight  different  'molecules,' 
namely,  four  ions  and  four  electrically  neutral  molecules.  As  the 
control  of  such  solutions  is  exceedingly  diflicult,  Pauli  has  used 
two  salts  having  a  common  ion.  Uudt<r  these  conditions,  generally 
speaking,  the  amount  of  dissociation  of  the  two  salts  is  diminished, 
but  on  mixing  equivalent  solutions  of  two  salts  having  the  same 
diasociation-constant  (here  results  a  mixture  in  which  the  two  salts 
fxe  not  only  equally  strongly  dis34«;iated,  hut  in  which  also  each  salt 
is  ioDiKed  to  the  same  extent  as  if  the  other  salt  wei-e  nut  present  at 
alL  The  salts  of  the  alkalies  (and  ammonium)  with  monobasic  acids 
are  good  examples  in  point 

In  the  following  Table  C  the  concentration  of  the  salts  is  expressed 
in  fraction!)  of  a  'normal'  solution.  Both  the  horizontal  and  the 
vertical  rows  form  dytinite  groups  in  which  one  salt  is  constant 
while  the  othi-r  is  changing  in  conct^it ration.  The  diagonal  line 
expresses  the  point  of  coagulation  for  equivalent  concentrations  of 
both  salts. 

Table  C. 

NaCl  +  NaNO,. 
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3/  On  gradually  adding  sodium  chloride  to  a  aodinra  nitrate  solu- 
tion containing  2-0  NaNO,,  in  su«h  quantities  as  to  give  a  concentra- 
tion of  25  NaCl,  the  coagiilation-teniiperuture  is  lowered  to  598^,  but 
already  at  a  time  when  the  concentration  of  the  NaCl  amounts  only 
to  i-o,  the  effect  of  the  sodium  nitrate  on  the  egg-white  ia  practically 
completely  counteracted,  as  the  coagulation-temperature  of  the 
25  NaNO,  is  lowered  from  71-8°  to  64-6°,  that  of  10  NaCl  being 
626^ 

4.  Sodium  chloride  solutions  within  the  strengths  of  I  to  1-25 
normal  are  in  no  way  affected  by  the  addition  of  NaNO,  in  strengths 
of  0-5  to  3-5  normal. 

5.  Sodium  nitrate  solutions  in  concentrations  less  than  0-5  normal 
are  in  no  way  affected  by  an  addition  of  NaCl  differing  in  concentra- 
tions from  0-5  to  2-5  normal. 

There  exiat,  then,  two  poLrits  of  stable  interaction  in  the  case  of  NaCI 
and  NaNO,,  one  for  the  sodium  nitrate  at  about  0-47  normal,  and  the 
other  for  sodium  chloride  at  i'5  normal  concentrations. 

6.  The  curve  for  equivalent  concentrations  of  both  saita  reaches  ita 
maximum  when  the  concentration  for  each  salt  =  i-o  normal,  and 
then  rapidly  falls  beneath  the  sodium  chloride  curve  (see  the  diagoaal 
line  printed  in  heavy  figures  in  Table  C,  p.  63}. 

On  investigating  the  interaction  of  ammonium  Ijromide  and 
ammonium  chloride,  Pauli  found  a  specially  stabto  Kone  for  the 
bromide  to  correspond  to  a  concentration  of  0-75  NH^Br,  in  which 
no  change  is  produced  by  the  addition  of  NIi,Cl  varying  between  o-o 
to  20  normal. 

A  third  example  is  MgCLj -I- NaCl,  in  which  the  two  kat-ions  differ. 
The  fact  of  magnesium  chloride  disfjociating  much  more  than  sofliura 
chloride  only  allows  general  conclusions  to  be  drawn,  but  mag- 
nesium cliloride  in  concentrations  of  0-5  to  06  strengths  seema 
to  possess  special  affinities  for  the  proteid-molecule,  as  in  these 
concentrations  its  effect  on  the  coagulation-temperature  is  altered 
only  to  the  extent  of  0-5"  C.  by  the  addition  of  from  00  to  2-5  normal 
NaCl.  The  sodium  chloride  curve  is  lowered  by  the  addition  of 
MgClj  up  to  3-0  normal,  and  a  stationarj'  interaction  between  NaCl- 
(i'5  to  i'75  normal)  and  MgCl.,  (0-5  normal)  seems  to  exist,  as  the  cor- 
responding coagulation-temperatures,  namely,  62  and  62  2°,  are  not 
markedly  influenced  by  raising  the  concentration  of  MgCLj  to  i'5. 

Pauli  sums  up  his  results  thus :  The  change  in  the  coagulation- 
temperature  of  proteids  depends  on  the  added  effects  of  the  two 
independent  ion-actions,  each  kind  of  ion  possessing  for  nearly  every 
salt  its  zone  of  maximal  action.  In  the  case  of  a  single  salt  its 
action  on  the  proteid  may  be  so  pronounced  within  a  certain  zone 
that  the  addition  of  other  salts  produces  no  further  effect.  Thus 
NaCl  within  certain  limits  is  practically  not  affected  by  the  addition 
of  any  quantity  of  NaNO^.  If  two  different  acid  or  metallic  ions  are 
present  it  is  impossible  to  predict  the  result  on  the  coagulation- 
temperature,  as  much  depends  on  the  nature  of  the  ions  j  but  the 
result  generally  depends  on  the  effect  of  one  salt  predominating 
within  certain  concentrations,  and  then  the  other  salt^  if  present  up 
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to  a  certain  minimum,  may  be  increased  five  or  six  fold.  Sodium 
chloridft  and  sodiiini  nitrute  show  two  such  pliHses.  one  for  either 
salt,  while  the  mixtures  of  NH^Br  and  NH^Cl  or  MgCl,  and  NaCl 
show  only  one  phase. 

That  alhtnnia  coagulates  wliile  alViumoses  do  not.  Pauli  ascribes  to 
the  presence  of  sevr^ral  nlbuniose  radicals  in  each  albumin  molecule, 
or  to  a  speciid  kind  of  union  l)etween  the  ulbiimose  groups  in  the 
albumin  ;  and  lie  believes  the  iona  of  a  salt  during  heat-coagulation 
to  attach  themselves,  more  or  less  firmly,  to  diit'ennt  parts  of  the 
albuuiose  radicals. 

Heat-reversible  gels  (referred  to  on  p.  50]. 

Thifi  jelly  formation  doew  not  depend  on  purely  physical  causes,  but 
ia  due  to  hydrolysis,  as  shown  by  W.  A.  Osljome  ',  M'ho  finds  that 
caseinogen  is  an  acid  substance  forming  two  distinct  gjoups  of  salts. 

The  fir^  group  is  represented  by  the  salts  of  calcium,  magnesium, 
barium,  and  strontium,  further  by  the  salts  of  strong  organic  bases 
such  as  cafTein  and  strychnine.  All  these  are  markedly  opalescent 
in  solution  ;  they  are  unable  to  pass  through  the  pores  of  a  clay  filter, 
and  are  precipitated  from  their  solutions  by  the  addition  of  insoluble 
finely  divided  suljetances.  '  On  warming  their  solutions,  a  remarkable 
turbidity  occurs  at  a  tenif>eraturc'  l>et\ve<^n  35"  and  45°  C. ;  this  turbidity 
disappears  on  cooling.'  On  prolonged  heating  in  an  open  vessel  they 
form  a  film  or  'skin  '  on  the  surface,  and  they  are  also  acted  upon  by 
the  rennin  ferment. 

The  second  group  contains  the  salts  of  potassium,  sodium,  and 
ammonium,  all  of  which  form  comparatively  clear  solutions  ;  pass 
through  clay  filters;  are  not  precipitable  by  addition  of  finely  divided 
substances  ;  are  not  visibly  altered  on  heating  ;  do  not  form  a  skiu. 
and  are  not  acted  upon  by  rennin.  They  are  thus  in  every  particular 
opposite  to  the  salts  belonging  to  the  calcium  group. 

Osborne  offers  the  following  explanation  for  the  increased  turbidity 
which  occurs  on  heating  the  calcium  group  of  salts  :  '  Calcium  case- 
ioogenate  undergoes  hydrolysis  on  heating  according  to  the  formula 

Calcium  caaeinogenate+ 2H,0  ^  Ca(OH)j+caseinogen, 
after  a  preliminary  dissociation  of  certain   calcium    caseinogenate 
molecules :  +  _ 

Calcium  caseinogenate  ^  (calcium-ion)  +  caseinogen  ion) 
and  further  a  dissociation  of  a  certain  number  of  molecules  of  water  :  * 


ir,0  ^  (11)  + (OH) 
*  By  the  interaction  of  the  ciileium  and  caseinogen  ions  with  the  OH 
and  H-ions  of  the  water,  a  state  of  equilibrium  is  reached  in  which 
for  each  tempemture  and  concentration  a  filed  number  of  calcium 
hydrate  and  caseinogen  molecules  will  be  foxmd.  As  caseinogen  is 
insoluble  hydrolysis  will  prodxice  turbidity,  the  acid  falling  out  of 
solution  in  excessively  fine  particles,  not  visible,  however,  under  the 
microscope.*  That  hydrolytic  dissociation  of  colloids  is  possible,  is 
borne  out  by  Krafl't  and  Stern  s  obser^'ations  on  palmitic  acid  V  for 

^^  *  Osborne  :  Journ.  0/ PhysiU.  '27,  398  (1901). 

^B  '  KttkSt  and  Stem  :  tier,  d,  deuUch,  cKem.  OtsOteh.  27,  1 747  (x894^- 
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*  palmitic  acid  will  separate  out  in  the  form  of  globules  from  a  boiling 
solution  of  sodium  pnlmitate.'  CohnLeim's  and  Krieger's  obsen'ationa 
on  proteids  acting  both  as  bases  and  acids  (see  p.  27)  are  also  adduced 
in  support  of  the  hydrolytic  theory,  which  seems  to  be  fully  proved 
by  the  following  experiments  of  Osborne  : 

1.  A  1-25  per  cent,  solution  of  calcium  caseinogenate  was  divided 
into  two  equal  portions  ;  the  vessel  containing  one  portion  was 
placed  in  a  thermostat  at  40*'  C,  the  remaining  half  of  the  solution 
was  first  warmed  to  40*^  C,  then  cooled  and  allowed  to  remain  at  room- 
temperature,  i^C'  Both  were  tiltered  by  Pukall  filters  connected 
with  the  same  suction-pump  for  an  equal  interval  of  time.  To  50  cc. 
of  each  filtrate  a  few  drops  of  alcoholic  phenolphthalein  were  added 
— when  the  tiltrate  of  the  calcium  caseinogenate  solution,  made  at 
17°  C,  was  if  anytliing  very  faintly  acid  and  required  a  few  drops  of 
^NaOH  to  develop  a  red  tinge,  while  the  filtrate,  made  at  40  C. 
and  allowed  to  cool,  gave  immediately  a  rich  red  colour,  which 
disappeared  almost  completely  on  adding  i  cc  of  ^'^^  HjSO,.  This 
proves  that  at  40°  C.  the  insoluble  caseinogen  is  separated  out  and 
that  it  remains  in  the  filter,  while  the  filtrate  obtained  at  this  tem- 
perature conbiins  the  basic  calcium  hydrate,  Ca(OH)„  which  is  formed 
owing  to  the  hydrolysis  doscril!>ed  above. 

2.  A  salt  capable  of  undergoing  hydrolysis  does  so  to  a  greater  extent 
in  a  dilute,  than  in  a  more  concentrated  solution,  as  explained  in  the 
chapter  on  physical  chemistry.  SOldner '  having  observed  that  the 
absolute  acidity  of  milk  is  decreased  by  dilution,  Osborne  has 
repeated  the  experiment,  using,  however,  for  the  titration  a  Pukall 
filtrate  made  with  undiluted  and  diluted  milk*,  and  has  confirmed 
SOlduer's  observation. 

3.  'If  the  opalescence  at  room-temperature  and  the  turbidity  at 
40"  C  be  due  to  di.ssociation,  then  they  ought  to  disappear  on  adding 
some  of  the  basic  hydrate.  This  is  exactly  what  happens,  for  the 
addition  of  a  few  drops  of  lime  water  to  a  calcium  caseinogenate 
solution  at  40°  C  causes  the  turbidity  to  disappear  in  great  part.' 

4.  The  electrical  conductivity  at  the  temperature  when  turbidity 
begins  to  appear,  that  is  when  hydrolysis  occurs,  shows  a  small  yet 
distinct  rise.^ 

Mff  views  on  licat-coagulaiiotu 

In  the  light  of  the  facts  stated  under  the  heading  of  heat-coagula- 
tion I  have  arrived  at  the  following  conception  :  Complete  coagulation 
of  any  proteid  takes  place  only  in  the  presonco  of  electrolytes  and  if 
the  fluid  is  slightly  acid,  that  is  in  the  presence  of  hydrogen  ions. 
Therefore  it  is  necessary  to  consider  under  wiiat  conditions  hydrogen 
ions  can  be  formed  on  heating  a  solution  of  proteids  in  the  presence 
of  salt. 

Even  if  we  grant  the  view  of  Starke  that  different  salts  hai 


'  SOldner  :  Die  SaJee  d.  Milch,  Inaug.  Dissert.,  Erlangeti,  5a  (1868). 
*  *  Extraordinary  care  must  of  courae  be  Ulioii  in  the  cleAnJag  of  those  filters.' 
Osborne. 
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different  dehydrating  pc«wers  and  that  they  do  coagulate  in  propor- 
tion to  their  water- absorbing  po\ver,  yf't  it  does  not  follow  that  tliey 
therefore  must  cougulato  because  of  this  power.  Pauli's  results, 
jiuhlished  before  Stai'ke's  article,  make  the  view  of  tlie  latter  quite 
untenable,  l>osides  whit'h  Starke  has  only  taken  the  kat-ion  of  the  salta 
into  consideration.  For  the  series  of  salts  given  on  p.  59,  Starke 
showed  that  the  kat-iou  radical  Mg  is  nut  the  determining  factor,  and 
naturally  the  question  arises,  what  paii  do  the  an-ions  play  V  The 
feebly  coagulating  MgSO^  contains  the  comparatively  feeble  SO^ 
an-ion,  while  MgCl,  contains  the  two  powerful  CI  an-ions,  and  1  believe 
the  latter  to  be  capable  of  exerting  on  the  proteid-molecule  a  greater 
effect  than  the  SO^  au-ion,  especially  as  they  are  linked  to  the 
feeble  kat-ion  Mg.  Further,  as  albumin  will  coagulate  oven  in  the 
pre&eno).'  of  auch  salts  as  sodium  chloride,  in  which  both  the  kat-iun 
lUid  the  an-ion  are  strong,  it  would  appear  that  the  pi-esence  of  an 
electrolyte,  in  this  case  also,  serves  to  induce  in  the  proteid-moleciilo 
an  intra-molecular  change  by  which  hydrogen  ions  are  formed.  The 
poaoibility  of  Huch  a  change  must  be  admitted  on  the  strength  of 
th«  work  of  S(u'ro  and  PemselJ,  Cohnheim  and  Krieger,  for  as  to  the 
conversion  of  pscudo-acida  into  real  acids  there  can  bo  no  doubt. 

Any  factor  which  tends  to  prevent  the  formation  of  the  hydrogen 
ions  will  also  prevent  coagulation.  From  this  point  of  view  Schadee 
van  der  Does'  observation  (p.  59)  can  be  understood.  As  silver  in 
the  metallic  state,  especially  in  fine  subdivision,  seems  to  l>e  slightly 
oxidized  under  water  \  we  may  consider  its  action  under  the  same 
heading  as  that  of  silver  oxide  Ag,0.  This  compound,  which  is  soluble 
to  the  extent  of  1:3000  parts  of  water,  imparts  to  the  latter  an 
alkaline  reaction,  which  means  that  silver  oxide  by  uniting  with 
water  forms  a  hydrate  which  then  undergoes  hydrolysis,  liberating 
the  alkaline  hydroxyl  ion.  We  already  know  that  hydroxyl  and 
hydrogen  ions  unite  to  form  electrically  neutral  water,  and  that  pro- 
teids  do  not  coagulate  in  an  alkaline  medium. 

By  regarding  proteids  as  hydrogen  salts  (see  also  p.  58)  we 
may  assume  that  the  hydroxyl  radical  of  alkalies  prevents  coagulation, 
either  by  preventing  the  iutra-molecular  cliango  which  occurs 
norumlly  when  heating  neutral  or  acid  proteid  solutions,  or,  if  the 
intra-molecular  change  does  take  place,  by  neutrulixing  the  acid 
hytlrogen-ion  which  is  liberated.  At  one  time  I  believed  that  AgjO 
acted  by  withdrawing  from  the  proteid  those  hydrogen  atoms  which 
on  heating  seem  to  be  converted  into  hydrogen  ions,  a  view  which 
for  Ag,0  is  superfluous,  as  its  watery  solution  is  alkaline ;  but  I  still 
believe  a  similar  explanation  to  hold  good  for  osmium  letroxide. 
Bethe  and  Monckeberg'  have  pointed  out  tiiat  a  mixture  of  equal 
parts  of  2  i)er  cent.  OsO,  and  egg-white  does  not  coagulate  on 
heating,  and  I  believe  this  phenomenon  can  be  accounted  for  by 
assuming  the  hydrogen  of  the  proteid  to  have  a  tendency  to  unite 
with  ObO«  to  form  OsOH,. 

If  the  pBeudo-basic  radical  of  the  proteid  is  converted  into  a  real 
acid,  it  will  change  the  pseudo-basic  radical  into  a  real  base,  which 


Skey :  Cktm.  2J«v>$,  35. 
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latter  by  Bplitting  off  ammonia  could  produce  the  alkaline  reaction 
referred  to  above  on  p.  58. 

E.  The  fortnation  of  additive  compounds  belween  colloids  ami  non- 

electmli/trs, 

Tlio  two  most  important  substances  wliich  form  additive  com- 
pounds are  osmium  tetroxide  and  formaldehyde.  Of  these  the 
former  is  a  strong  oxidizing  and  the  latter  a  strong  reducing  agent. 

The  effectiveness  of  an  oxidizing  solution  depends  on  its  con- 
centration and  on  the  ease  with  which  oxygen  atoms  ai-e  separated 
from  it. 

How  the  concentration  of  reducmg  and  oxidizing  substances 
influences  the  ultimate  result  is  readily  soon  in  iron  compounds. 
TIk>  tendency,  for  example,  of  a  ferro-ion  to  become  a  ferri-ion  increases 
with  the  numljer  of  ferro-ioos  present  and  with  the  absence  of 
ferri-ions. 

.Fe"  + Ag*  =  Fe"*  + Ag  provided  much  ferro-ion  is  present. 

Fe*"  + Ag'  =  Fe"  + Ag  provided  much  ferri-ion  is  present. 

This  inverse  reaction  is  also  well  shown  thus  :  a  little  iodine  in 
much  ferro-salt  =  I.j  +  2Fe"  =  2Fe"'  +  2r,  while  few  iodine-ions 
with  a  large  amount  of  ferri-ion  =  2Fe""  4-  2I'  =  2Fe"-|-I, '. 

On  p.  13  it  was  pointed  out  that  certain  radicals  are  capable  of 
holding  different  or  multiple  charges  of  electricity  ;  thus  the  an-ion 
MnO,  is  divalent  in  potassium  manganate,  K^MnO^,  while  mono- 
valent in  potassium  permanijanate,  KMnO^,  Similarly  the  tutra- 
valent  oamium  tctroxide,  by  giving  off  two  oxygen-atoms,  loses 
two  positive  loads  and  btecomes  reduced  to  the  divalent  osmium 
dioxide ;  and  the  divalent  feiTo-ion  Fe"  on  becoming  converted  into 
the  trivalent  ferri-ion  Fe*"  has  transferred  to  it  the  positive  load  of 
another  positive  ion.  To  put  it  shortly,  oxidation  of  ions  means  ani 
increase  in  positive  ionic  tension  (or  diminution  of  negative  ionie 
tension),  while  reduction  means  diminution  of  positive  ionic  tension 
(or  increase  of  negative  ionic  tension). 

That  oxidation  is  possible  by  means  of  the  oxygen  in  the  air  ia 
a  Well-known  fact,  and  is  explatnalde  by  assuming  that  the  atmo- 
spheric oxygen  acting  on  the  water  foi'ms  the  negative  hydroxy  1  ion 
OH,  which  must  be  formed  to  allow  the  divalent  Fe"  ion  to  assuina 
An  extra  positive  load  and  thereby  to  become  the  ferri"*  ion.  The 
free  hydroxy!  groups  which  are  required  for  the  convei-sion  of  a  kat-ion 
into  one  of  higher  valency  by  means  of  oxygen,  render  the  fluid 
in  wliich  the  kat-ion  is  dissolved  of  necessity  alkaline ;  while  revei-sely 
a  fluid  must  Ijecome  acid,  in  which  reduction  h:i8  been  brought  about 
through  hydrogen  ions.  When  rising  potassium  permanganato  as  an 
oxidizer  it  is  very  important  to  know  whether  this  salt  is  acting  in 
an  acid  or  an  alkaline  fluid,  becauRe  in  an  acid  meilium  a  mangano- 
salt  MnO  and  in  an  alkaline  medium  a  manganese  peroxide  MnO, 
salt  is  formed.  As  the  manganese  dioxide  is  mure  liighly  oxidized 
than  the  manganese  monoxide,  it  follows  that  to  get  the  maximum 
oxidizing  effect  obtainable  from  potassium  permanganate,  care  must 
*  Oatwald  :  OruTidlinitn  dor  anorganiacKen  Chemie,  576  (i90o)* 
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*!«  iRlcea  to  have  it  acting  in  an  acid  medium.  For  this  reason  it 
is  necessary  to  know  what  the  ultimate  reaction  ])etween  the  inter- 
acting suhstances  will  be.  If  we  rej^ard  the  interaction  between 
potttaium  permanganate  and  sulphuretted  hydrogen  from  this  point 
of  Tiew  we  obtain : 

5H,S  +  8KJInO,  +  2ll,0  =  K,SO,  +  MnSO,  +  7Mn(0H),. 

AcxM)rding  to  the  right  half  of  this  equation  we  are  dealing  with 
the  neutral  salts  potassium  sulphate  and  manganous  sulphate,  while 
7  molooules  of  manganous  hydrate  contain  14  hydroxy!  radicals.  To 
neutraliKe  those  it  is  ncccH-sjuy  to  add  14  hydrogen  ions,  which  is 
done  most  readily  by  adding  7  divalent  sulphuric  ncid  molecules, 
7Mn(OH)j+  7HjS0^  =  7MnS6,-f-  14HP.  Thia  explaiiution  is  bwsed 
on  Ostwald's  view  *  that  alt  oxidizing  media  in  (he  })resenc6  of 
water  may  be  regarded  as  hydroxyl  (OH)  compounds,  and  all  reducing 
agents  as  hydrogen  (H|  compounds. 

When  discussing  tlie  formation  of  ions  (p.  13)  attention  was 
drawn  to  the  fact  that  oxidizing  and  reducing  agents  form  a  class  by 
themselves  and  that  they  are  not  comparable  to  salts  in  their  actiom 
This  is  fully  borne  out  by  studying  the  effect  of  the  non -electrolytes 
osznium  tetroxide,  OsO^,  and  formaldehyde,  OCIIj,  on  coagulable 
proteids. 

Osmium  tetroxide.  Hardy,  in  his  investigations  on  the  structure 
©f  cell'protoplasm ',  was  the  first  to  describe  a  difference  in  the  appear- 
Anoe  of  egg-whit©  when  fixed  by  the  vapour  of  osmium  tetroxide 
id  when  coagulated  by  such  reag^nta  as  sublimate.  While  the 
latter  produces  a  net-like  arrangement,  OsO<  gives  rise  to  the  ajipear- 
ance  'of  a  number  of  vesicles  hollowed  out  of  a  continuous  solid  mass 
and  therefore  not  eoinmunicating  with  one  another.  It  is,  however, 
very  dilBcult  to  lie  certain  on  this  point.' 

At  the  Anatomical  Congress  in  Kiel  in  1898,  I  discussed  the 
oxidizing  action  of  osmium  tetroxide,  and  to  this  discussion  Moncke- 
berg  an<l  Bethe^  refer  in  a  pai)€r  in  which  they  point  out  that 
oamium  tetroxide  is  not  able  to  form  salts,  and  that  for  this  reason 
it  does  not  coagulate  as  do  most  other  reagents.  They  state  that 
by  acting  as  an  oxidizer,  osmium  tetroxide  becomes  reduced  to 
metallic  osmium  ;  that  white  of  egg  treated  with  an  equal  volume 
of  2  per  cent.  OhO^  remains  fluid  on  being  botlei! ;  and  that  it  be- 
comes unprecipitable  by  nitric  acid,  acetic  acid  or  alcohol,  while  it  is 
coagulated  by  a  mixture  of  suldimate  and  nitric  acid.  The  vafmur 
of  OsO^  acting  for  48  hours  on  white  of  egg  leaves  the  latter  quite 
nniform,  and  protluces  no  structure  which  can  be  demonstrated  by 
•ither  acid  or  basic  dyes,  an  ol)fiervAtion  which  bears  out  my  own. 
These  authors  also  tried  the  efl'ect  of  other  oxidizing  agents,  such 
as  peroxide  of  hydrogen  (which  tears  the  tissues),  |iotassium  per- 
manganate, and  bichromate,  which  do  not  act  like  osmium  tetroxide, 
beeaiue  their  salt-forming  is  superadded  to  their  oxidizing  action. 

*  Oiii^rald  :  Orundlinlen  dtr  anorgantacktm  Ckomte,  606  (1900)1 
-  »  H.  W.  IlArdy  :  Joion.  nfPhytiol.  21,  170  (Mny.  1899% 

'  MoDckeborg  kud  Bethe  :  ArcA.f.  mUar.  AnaL  54,  135  (1899). 
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My  own  investigations  on  oxidizing  agents  date  back  to  1893, 
when  I  was  engaged  on  the  investigation  of  changes  in  nerve  cells, 
and  in  that  year,  and  more  fully  in  1894,  I  published  the  formula  for 
my  osmo-subliinate  mixture  (see  p.  97 K  Having  used  OsO^  both  in 
the  form  of  solutions  and  vapour  I  found  that  it  produced  a  i^erfectly 
homogeneous,  almost  glassy  appearance^  and  I  therefore  made  use  of 
oemium  tetroiide  to  rectify  the  open  structure  which  results  from 
the  use  of  sublimate '. 

Whenever  osmium  tetroxide  is  used  in  solutions,  these  should  be 
nude  isotonic  with  the  tissues  by  the  addition  of  such  neutral  salts 
M  sodium  chloride  or  ammonium  sulphate  (sise  pp.  80,  83,  and  98). 

Formaldehyde  being  a  non-electi-olyte  is  inculpable  of  forming  salts, 
but  is  able  to  form  additive  compounds.  In  1895  I  first  commenced 
adding  it  to  my  picro-corrosive  fluid  with  the  view  of  curing  shrinkage 
and  the  sponge-like  appearance  of  cells.  Formaldehyde  must  be 
regarded  as  a  reducing  agent  (see  p.  92).  In  its  general  effect  on 
tissues  it  greatly  resembles  osmium  tetroxide,  but  this  does  not 
justify  us  in  cuusidering  it  therefore  as  an  oxidizer.  It  has  no 
tendency  to  cause  dissociation  of  tissues^  if  used  in  neutral  solutions 
or  as  vapour,  provided  care  is  taken  to  use  aldehyde  free  from  acid, 
or  to  bind  the  free  fomiic  acid  by  some  weak  alkali  (p.  88).  For 
*  general  account  of  formaldehyde  see  p.  88. 


CHAPTER  IV. 
Fixatives. 

Chemistry  of  Reagents  used  in  Fixation. 

I*  the  following  acceunt  of  the  chemistry  of  fixing  reagents,  the 
•ubfitanceA  have  been  arranged  according  to  their  reaction,  for  want 
of  a  better  cUussification.  We  should,  however,  always  keep  in  mind 
such  facttfra  as  the  amount  of  electrolytic  and  hydrolytic  dissociation, 
the  nature  of  their  chemical  afTmities,  their  oxidizing  and  reducing 
powers  and  their  power  to  form  additive  compound.^. 

(i)  Acids. 
(a)  Nitric  acid.  Ions.  II'  +  NO/.  It  acts  as  an  oxidizer,  convert- 
ing e.  g.  ferro-ions  into  ferri-ions,  but  it  is  reduced  by  hydrogen  into 
ammonia  NO,  -|-  8  H  =  3  H,0  +  NH,.  Nitric  acid  in  a  3  per  cent,  solu- 
tion is  strongly  recommended  by  Altniann.  but  is  not  so  reliable 
a  fixative  as  sulphuric  acid.  It  precipitjites  deutero-albimiose  in  the 
presence  of  a  high  percentage  of  NaCl.  A  50  per  cent,  solution  will 
precipitate  nucleo-albumins  permanently. 

'  Still  Infpir  I  Gomluned  HublimAto  with  polaaeium  birlrroinato  ^see  p.  97"*,  and 
roatoriikl  Trom  Malopterunis,  fixed  in  tho  double  salt  of  muTvury  and  chromiam, 
served  Bnllowitz  in  hia  invDutigatiuna  on  the  electric  organ,  Tliitt  auihnr  has 
puhlishod  my  formula  of  the  Qxiog  solution  {Tht  Eteciriaii  Organ  0/  Malopterunu, 
Jena,  1899), 


NJTRIC,  SULPHURIC  AND  SULPHUROUS  ACIDS       71 


I 


I 


PeroeDtage  of  HNO,  and  its  specific  gravity  at  15**  C. 
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After  fixing  in  nitric  aciil,  the  tissues  have  to  he  placed  at  once 
in  70  per  cent,  alcohol  and  not  in  water,  anil  the  alcohol  must  be 
renewed  till  all  the  acid  has  heen  washed  out  (Altniann). 

The  yellow  colour  pmduced  by  the  action  of  strong  acid  or  the 
prolonged  action  of  even  5  per  cent,  acid,  is  due  to  the  formation  of 
mtro-suhstilution  products  in  proteids.  The  organic  sulphur  becomes* 
under  these  conditions  oxidized,  phosphorus  and  probably  nitrogen 
are  removed  as  well.  (See  The  Chemistry  of  l*}'otekis,  by  Otto  Cohn* 
heim  ;  English  translation.  Macmillan.) 

(6)  Sulphuric  acid,  H,SO,.  Its  iona  are  H'  -f  the  monovalent 
H80/,  and  the  latter  on  further  dilution  becomes  I£*  +  the  divalent 
an-ion  SO/'.  The  specific  gravity  of  the  pure  liepiid  acid  at  24*^  C.  is 
1'834.  According  to  Otto',  sulphuric  acid  of  different  percentages 
shows  the  following  specific  gravities  at  i^"^  C. : 
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It  has  already  l)een  stated  that  sulphuric  acid  undergoes  only 
about  one-half  the  electrolytic  dissociation  shown  by  nitric  or  hydro- 
chloric acids,  and  for  this  reason  it  is  a  much  better  5.\utive  than  the 
other  mineral  acids.  It  ought  to  be  used  in  strengths  of  5  to  10  per 
cent,  in  water,  or  still  better  as  'sulphuric  acid-alcohol,'  a  solution 
containing  ethyl-hydrogen  sulphate,  and  prepared  by  mixing  sul- 
phuric acid  10  ccm.  with  90  ccm.  of  75  per  cent,  alcohol.  In  making 
up  the  sulphuric  acid-alcohol  it  is  necessary  to  dilute  the  acid  with 
the  requisite  amount  of  water,  and  then  to  add  the  alcohol  tu  tlie 
cooled  mLxture,  as  otherwise  decomposition  may  take  place. 

(c)  SulphurouH  acid,  SO.^-f  H.^,  forms  the  monovalent  IISO/  and 
the  divalent  SO,"  an-ion-s,  which  along  with  the  H*  kat-ions  interact 
according  to  the  following  equation :  a  H'  +80/'  =  II,0  +  SO,. 

The  SO,  formed  in  tliis  way  is  the  anhydride  of  sulphurous  acid 
and  not  a  true  acid,  because  of  the  absence  of  II'  kat-ion. 

Commercial  sulphurous  acid  contains  about  10  per  cent,  of  SO^ 
•ad  frequently  also  sulphuric  acid ;  the  latter  is  readily  recogniz^ed 

I  KttUnitrfSarSlKitnKknHiktir,  ttc,hy  A.  Meuburger,  Berlin. 
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by  adding  hydrocliloric  acid  and  barium  clilonde.     Barium  Bulphit 
is  soluble  in  HCI,  while  bai-ium  sulphute  is  not. 

The   following  are  the  specific   weights  and  amounts  of  SO3  in 
sulphurous  acid  at  15-5''  C.  (Giles,  Schearet,  and  Gerlach): 
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Sulphurous  acid  as  well  as  the  gaseous  anhydride  may  be  used  for 
fixing.  It  was  first  employetl  by  Wuddiiigton  in  1883'  for  the  study 
of  p^^ramaecium.  lie  states  that  it  is  soluble  to  the  extent  of  30 
volumes  in  i  volimie  of  cold  water^  whilst  Ostwuld  says  the  solu- 
bility is  50:1.  A  watery  solution  by  the  action  of  air  is  quickly 
converted  into  sulphuric  acid,  and  therefore  Overton  recommends  that 
an  alcoholic  stock  solution  be  made,  the  SO.,,  being  much  more  soluble 
in  alcohoU  and  being  readily  given  oft'  on  tlilutiiig  the  alcohol  with 
WAier>  To  saturate  100  gmms  of  alcohol  for  purposes  of  fixation, 
Overton  takes  ^  gram  of  anhydi-ous  Na^SO,,  adds  a  few  ccm.  of 
80  per  cent  sulphuric  acid,  stoppers  the  bottle  and  leads  the  SO^  gas 
into  (he  alcohol.  Waddington  reconmiends  sulphurous  acid  also  for 
its  powerful  bleaching  properties,  aiid  it  is  preferable  to  chlorine, 
because  its  action  on  tissues  is  less  violent^  Overton*  employs 
Bolphurous  acid  for  fixing  purposes,  and  also  to  concert  chi-omic 
acid  into  chromium  sulphat«,  Cr,tSO«)j,  which  latter,  by  acting 
similarly  to  aluminium  sulphate,  AljSOJ,,  does  not  Interfere  with 
the  staining  of  tissues  by  haematoxylin.  I  have  tried  the  method 
after  fixing  in  Flemming's  solution,  and  find  that  \vashing  in  water 
is  rendered  quite  unnecessary. 

•  {<!)  Sulphuretted  hydrogen,  HJy,  imparts  to  water  a  slight  acid 
reaction,  owing  to  a  partial  dissociation  into  H'+HS'.  Its  solubility 
in  I  ccm.  of  w*ater  is  at  0°  C,  =  4-4,  at  10  =  37,  and  at  20"  =  31 
volomes.  At  ordinary  atmospheric  pressure  and  room-temperature 
I  molecule  (or  i  gram  molecular  weight)  dissolves  in  12  litres. 

(e)  Chromium  trioxlde,  CrO„  was  first  i-ecommended  for  histo- 
logical purposes  by  ilannover  (1840).  According  to  Ostwald  *,  CrO, 
when  in  watery  solutions  forms  dichromic  acid,  2H'  +  Cr,0/'.  The 
chromic  acid  HjCrO^  is  not  formed,  because  the  chromate-ion  CrO^ 
has  a  great  tendency  to  undergo  condensation  Into  the  bichromate 
ion  CrjO-;,  as  is  readily  proved  by  heating  a  chromate  solution,  when 
the  latter  will  turn  from  yellow  into  the  deep-orange  colour  of  the 
bichromate  solution.     On  cooling  the  yellow  colour  is  restored. 

It  is  a  strong  oxidizer,  becoming  itself  reduced  by  organic  bodies 
to  chromic  oxide,  Cr,0„  or  even  the  chromous  hydroxide,  CrtOH),. 

*  Jomrm.  Rov-  *•'«•  Sec.  8,  part  i,  185  (1883V 

*  Overton  :  Zmttch./.  tdss.  Mikr.  7,  9  (1890^ 

*  OkiwaJd  :  ZmCkA.  /.  pAynk.  Chan.  2,  78  (1888^.  A.  Fischer,  in  hia  book  on 
Fixinntfff,  tic.  d.  tYUopiatmoM,  atkte*  that  chromium  Irioxide  does  not  form  iiu  acid 
in  a  watery  soIatioD,  m  view  which  cannot  be  maintained. 
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It  is  U8e<^  in  strengi:hs  of  ^  to  |  per  ceut  for  cell  studies ;  by  it&elf 
or  in  combination  with  acetic  acid  arnJ  asmium  tetroxide,  as  in 
Fletnming's  solution,  or  with  corrosive  sublimate  (see  lat^r  under 
Sublimate).  All  solutions  have  a  considerable  solveut  action  on 
tissues  (p.  139),  OS  is  readily  shown  by  using  a  10  per  cent,  solution. 

For  laboratory  purposes  it  is  best  to  make  up  a  10  per  cent,  stock 
solution. 

TisHuea  fixed  in  chroroic  acid  or  one  of  its  salts  have  otily  slight 
affinity  fur  basic  stains^  and  to  overcome  thiis  dilhculty  the  following 
methods  have  been  employed : 

(a)  Edinger,  in  1884 ',  recommended  a  5  per  cent,  watery  solution 
of  nitric  acid,  with  which  he  treated  sections  for  five  minutes.  Inde- 
pendently Paul  Mayer  adopted  the  same  plan.  lie  leuves  sections  in 
the  ordinary  hydrochloric  acid -alcohol  (i  part  of  HCl  in  1000  parts 
of  95  per  cent,  alcohol)  till  they  are  almost  white,  a  process  which 
I  liave  found  to  give  vei-y  good  results,  Pieees  of  tissue,  before 
staining  them  in  bulk,  Mayer  treats  with  5  per  cent,  sulftliuric  or 
10  per  cent,  nitric  acid.  With  sulphuric  acid  I  have  obtained  more 
intense  staining  than  after  nitric  acid,  and  have  also  found  the 
preservation  of  tissues  to  be  better. 

03)  Unna*  oxidizes  the  reduced  ehrome-compuunds  with  j>eroxideof 
hydrogen,  but  great  care  is  needed  in  empl(»ying  this  method, 

(y)  Overton's'  »ul|»hurous  acid  method  dej>end9  on  the  principle 
that  the  watery  solution  of  SOj  unites  with  chromium  trioxide  to 
form  chromic  sulphate,  Cr^fSO^),.  This  comj>onent  behaves  towards 
haematoxylin  as  does  the  mordant  aluminium  sulphate,  AljiSO^),, 
the  latter  being  the  essential  radical  in  haematoxylin  alum  solutions. 
Gilson*  uses  an  alcoholic  instead  of  a  watery  solution  of  sulphurous 
acid  for  removing  chrome-compounds  from  tissues, 

(/)  Acetic  acid,  CIl.COOH,  when  anhydrous,  is  undissociated 
and  theivfore  neutial  to  litmus  ;  on  Iwiuf^  diluted  with  water  the  acid 
kat-ion  H'  and  the  monovalent  C\H^p^' are  formed.  It  rapidly  mixes 
irith  water,  alcohol,  and  ether  in  all  proportions,  and  rr-adily  dissolves 
iodine  and  sulphur.  It  has  no  reducing  power  and  thus  differs  from 
formic  acid  (see  p.  74)  ^    With  metallic  hydroxides  it  forms  acetates. 

Anhydrous  or  glacial  acetic  acid  melts  at  i6'5''C.  At  15"  C, 
according  to  A.  C  Oudemans,  different  percentage  strengths  have 
the  following  specific  gravities.  [A  complete  table  is  given  in 
Bebrens'  tables.     Bruhn,  16,  1898.] 
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)  Z*rt«aA./.  irte.  Mikr.  1,  ia6  (1884).        *  ArcKf.  mikr.  Ana^.  80,  47  (1887). 

*  Ztitttk./.  teiu.  Mikr.  7,  9    18901.  *  Lee  and  Mayer,  3a  (and  ed.  190!% 

*  The  ioterrelatioD  or  priuiary  fattj  compounds  U  givoo  in  the  t«ble  on  p.  84. 
~  Btroogth  of  acid  of  the  Briluh  Pharmaa^xma, 
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The  specific  gravities  above  10553  correepond  to  two  solutions 
of  different  percentages  (43  to  78  per  cent,  and  100  to  78  per  cent.). 
If  on  the  addition  of  water  to  an  unknown  solution  the  specific 
gravity  is  increased,  then  the  solution  is  stronger  than  78  per  cent. ;  if 
the  specific  gravity  diminishes,  then  the  solution  is  vvealcer. 

The  77  per  cont.  solution  is  a  definite  hydrate,  known  as  ortho- 
acetic  acid  =  CH3-C(0H)a.  Glacial  acetic  acid  behaves  aa  a  non-elec- 
trolyte and  is  a  good  fixative.  One  per  cent,  solutions  are  useful  for 
differentiating  between  white  and  yellow  fibrous  tissue.  Acetic  acid 
is  mostly  employed  as  an  acidifier  for  osmium  tetroxide  and  potassium 
bichromate, 

(//)  Trichloracetic  acid  ia  a  substitution  product  of  acetic  acid, 
thus  : 

CH.COOH  +  3CI,  =  CCIjCOOH  +  3HCI. 

I  have  used  it  extensively  for  fixing  purposes,  and  find  it  pre- 
serves all  tissue  elements  even  better  than  acetic  acid,  excepting  the 
connective  tissue.     It  also  acta  as  a  good  decalcifier. 

(A)  Formic  acid,  HCO-OH,  on  electrolytic  dissociation,  splits  up 
into  HCO.^'  and  H*.  It  i>esemb]es  the  aldehydes  in  being  a  strong 
reducer  (p.  88).  The  sodium  salt  (H-COONa)  and  the  potash  salt 
(HCOOK)  are  deliquescent,  while  the  lead  and  silver  salts  are  only 
sligJitly  soluble ;  hence  lead  formiate  is  readily  obtained  by  adding 
formic  acid  to  lead  acetate  (see  p.  271  for  Kronthal's  method )> 

(j)  Picric  acid  or  triuitrophenol,  C(;Hij,(N0j30H.  A  satumted 
solution  of  this  acid  in  water  may  mean  anything  from  06  to  i  per 
cent.,  according  to  the  temperature  of  the  room,  and  therefore  either 
a  ^  or  I  per  cent,  solution  should  be  made.  The  latter  does  not 
precipitate  crystals  at  20°  C.  It  is  a  stronger  coagulant  than  acetic 
acid  because  it  precipitates  every  cellHConstituent ;  Jt  does  not  alter 
white  fibrous  tissue,  and  after  having  played  its  part  in  fixing  the 
cell  may  be  readily  removed  by  transferring  the  tissue  to  a  solution 
of  corrosive  sublimate.  By  this  means  it  is  extracted  more  quickly 
than  by  aJcohoh  All  the  precipitates  which  it  forms  have  this 
peculiarity,  that  they  dissolve  more  or  les.s  quickly  on  diluting  the 
saturated  picric  acid  solution  with  water,  or  on  warming  (which 
Amounts  to  the  same).  For  this  reason  tissues  which  have  been 
fixed  in  picric  acid  should  never  be  washed  in  water,  but  be  trans- 
ferred at  once  to  50  or  70  p>er  cent,  alcohol. 

Its  excessive  precipitating  power  is  indicated  by  Experiment  17 
on  p.  119, 

{k\  Tannin  (anhydride  of  gallic  acid  [(OH,)  C^Hj  CO,H],— HjO  = 
Cj^HjyO,).  A  weak  acid  which  decomposes  carbonates  ;  solubility  in 
water  ==  i  :  i,  in  alcohol  1:2.  It  was  introduced  by  Camoy  (1885), 
who  recommends  the  use  of  \  per  cent,  solutions.  I  used  it  for  many 
years  both  for  vegetable  and  animal  celts,  but  have  given  it  up 
because  it  acts  aa  a  mordant  for  many  coal-tar  colour.-?,  and  therefore 
makes  micro-chemical  research  more  difficult.  It  further  accentuates 
the  precipitating  action  of  sublimate  and  picric  acid  to  such  an 
extent  as  to  cause  over-coagulation.     I  now  no  longer  use  it  iu  com- 
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vith  toy  piero-corrosiTe  solution.      Good  results  may  be 
from  it,  however,  with  white  fibrous  tissue. 
(2)  Acid  SaltSw 

(■)  TIm  bichroaaalec.  Chromium  combines  with  oxygen  to  form 
a  feeble  yellow  divslent  chrotuate-ion,  CrO^",  and  a  stronger  red 
bichroniate-ion,  CrfO/^  The  latter,  if  joined  to  a  strong  metallic 
oxide,  as  for  example  K,0,  causes  hydrolysis  of  water,  and  breaks  up, 
partly,  into  bichromic  acid,  H',  +  Cr,0/'.  The  hydrogen  ions  of  the 
latter  are  responsible  for  the  acid  reaction  of  bichromate  solutions. 

Eugen  Borchardt  (1897)*  lias  divided  all  soluble  bichromates  into 
two  classes,  namely  tho^e  which  fix  and  those  which  destroy  cell 
nueleL  He  found  that  all  bichromates  of  the  alkalies  (potassium, 
ewwiuni.  rubidium,  sodium,  and  lithiuml  also  those  of  ammonium, 
magnesium,  strontium,  and  zinc,  preserved  the  cell  body  but  destroyed 
nuclei,  as  the  latter  were  converted  into  houogeneous  bladders  with 
no  definite  chromatic  segments  \  Barium,  calcium,  and  copper 
bichnjmatea  on  the  other  hand  preserve  mitoses,  with  the  exception 
of  the  achromatic  spindle,  but  they  do  not  prt«erve  the  cell  body. 
The  nuclei-destroying  bichromates  penetrate  readily,  while  the  nuclei- 
preserving  ones  do  not ;  as,  further,  acetic  acid  prevents  the  deleterious 
action  of  the  nuclei-destroying  salts,  he  uses  bichromates  belonging 
to  the  two  different  classes  in  combination  with  acetic  acid.  He 
especially  recommends  the  formula  given  on  p.  100. 

Burchardt  further  found  that  nuclei  become  finely  granular  after 
treatment  with  i  :  I5cx>  or  even  more  dilute  chromic  acid,  while 
I  :  1000  potassium  bichromate  produced  a  homogeneous  and  I  :  looo 
calcium  bichromate  an  irregular  lumpy  appearance. 

Strontium  bichromate,  prepared  by  E.  Merck,  does  not  preaenre 
nuclei,  although  strontium  belongs  to  the  alkaline  earths,  as  do 
calcium  and  barium.  Zinc  bichromate  stands  about  halfway  between 
the  nuclei-destroying  and  the  nuclei-preserving  bichromates ;  the 
latter  must  be  arranged  as  follows,  beginning  with  the  best  fixative : 
barium,  calcium,  copper,  zinc,  sodium,  potassium,  and  ammonium. 

Tellyeeniczky  (i8<gfi|  also  arrived  at  the  conclusion  that  acetic  acid 
prevents  the  deleterious  action  of  potassium  bichromate  on  cell 
nuclei  (see  p.  100). 

Potassium  bichromate,  K,Cr^O/',  introduced  by  Heinrich  Moller 
(1859),  has  twice  the  amount  of  chromium  trioxide  necessary  to  satisfy 
the  potassium  oxide,  for  which  reason  it  is  ready  to  part  with  one 
chromium  trioxide  radical  whenever  it  comes  into  contact  with 
a  base.  Towards  litmus  it  behaves  as  an  acid  body  for  reasons 
given  above,  and  will  do  the  same  towards  inorganic  bases  and 
organic  potential  bases  such  as  albumins.  It  must  be  remembered 
thai  the  whole  class  of  albumins,  globulins  and  their  derivatives* 
possess  the  power,  characteristic  of  amidogen.  of  playing  the  part 
•itber  of  a  base  or  of  an  acid  towards  a  substance  with  which  they 

*  BarehArdt :  '  Bichromate  und  Zellkern,'  LaCMvIt,  12,  337    March,  1897), 

*  All  nUta  were  used  originallj  in  the  same  pereenUgv  strvngtha,  the 
ware  fixed  ap  for  twenty- four  houra,  washed  for  twenty -four  boon  in  ' 
changes  of  water,  and  hardened  in  aloohoL. 
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share  chemical  afliuities,  and  of  being  liable  to  form  pseudo-bases 
pseudo-aeids  (see  p.  25). 

The  conversion  of  the  acid  bichromate  iuto  the  alkaline  chromal 
makes  it  necessary  to   fre<^uenLly  change  the  bichromate  aolutio 
when  fixing  tissues.     To  the  naked  eye  the  formation  of  potassium 
chromate  becomes  evident  by  the  orange  colour  of  the  bichi'omoM 
aoliition  changing  into  the  yellow  colour  of  the  cbromate,  ^ 

Potassium  bichromate  in  a  watery  solution  decomposes  hydro- 
lytically  into  dichromic  aeid  H*j+Gi'./3/'  and  K*  +  OH',  the  acid 
reaction  of  the  solution  depending  on  the  free  hydrogen-ions.  On 
adding  hydroxy  1  ions  to  a  sohition  of  potaasiuta  bichromate  thq 
bichromate  ion  is  converteil  into  the  chroinato  ion,  thus  Cr.^O/'-tf 
2OH'  =  2CrO/'-f  HjO,  Chromate  solutions  have  an  alkaline  reaction 
because  the  tendency  of  the  chromate  ion  to  Ijeeome  converted  mto 
tiie  bichromate  ion  leads  to  a  hydrolysis  of  the  water  ;  the  hydrogen 
ions  are  attracted  by  the  chi'omate  ions  and  partly  bound  by  it,  while 
the  free  hydroxyl  ions  cause  the  alkaline  reaction.  J 

When  Fischer  renders  albumins  and  similar  compounds  alkalinl 
by  the  addition  of  0-2  per  cent,  KOH,  he  no  longer  studies  only  the 
action  of  KjCr.^O.»  but,  to  a  certain  extent,  also  that  of  KCrO<  on 
these  compounds.    Notwillistanding  this,  1  iiave  recorded  his  obsenri 
tiona  in  my  chart  on  p.  102  to  impress  the  miportance  of  that  reactioj 
of  tissues  which  depends  on  inorganic  giilts. 

Potassium   bichromate  is  a  slow  fixative  because  of  its  partii 
transformation  into  the  chromate. 

It  is  used  for  fixmg  large  bulks  of  tissue  such  as  the  central  nervou 
sj'^stera,  w^hen  the  use  of  chromic  acid  solutions  would  lead  to  a  sup^ 
ficial  hardening,  leaving  the  centre  unacted  upon.  Till  a  tissue  is 
hardened  witlj  bichromate,  there  is  thus  u  constant  struggle  between 
the  potassium  chromate  and  the  tissue  for  the  available  CiO,,  apd 
in  the  end  the  tissue  proves  the  stronger.  Potassium  chromate  has 
no  fixing  action  whatever,  except  perhaps  oji  protamin.  J 

The  double  salt  of  sublimate  and  pota.ssium  bichromate  (HgCl^-F 
KjCVjO )  has  Ijeen  used  by  me  since  1895,  Dissolve  270-6  grms. 
of  sublimate  in  350  ccm.  of  boiling  distilled  water  ;  also  dissolve  295 
grms.  of  potassium  bichromate  in  another  350  ccm,  of  boiling  dis- 
tilled water.  Mix  the  two  solutions,  filter  and  allow  to  cool.  Red 
rhombic  crysttds  will  separate  out  on  cooling,  ] 

It  must  bo  borne  in  mind  that  alt  experiments  on  proteids  with 
chromic  trioxide  and  its  salts  should  be  done  in  complete  darkness, 
because  the  action  of  light  rendera  chfome-compounds  insoluble. 

As  first  pointed  out  by  Stirling  in  1881  '  and  subsequently  by 
Virchow",  tissues  to  be  fixed  in  alcoholic  bichromate  mixtures,  or 
tissues  which  have  been  fixed  in  chromic  acid  or  one  of  its  salts  and 
which  are  then  placed  into  alcohol,  have  to  be  kept  in  the  dark,  as 
otherwise  an  insoluble  precipitate  of  the  suboxide  of  chromium  ia 
formed,  I 

To  strengthen  the  fixing  action  of  bichromates,  acetic  acid  may  b4 

'  Slirliag  ;  Text-book  0/ Praciical  Hinhing^f  Smith,  Eldernud  Co.,  1881. 
•  VircbQW  :  Arch,/,  mihr.  Anai,  42,  J17  ^.1885^. 
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added,  as  was  first  done  by  Burchardt  and  also  by  T*<llye9nicxky 
(p.  100).  Acotic  acid  leads  t<)  a  ready  dissocititiou  of  I  ho  bichromate, 
to  aa  HcidiHcation  of  the  proteid  conipouiids,  and  to  a  precipitation 
of  the  nuclein. 

{b)  Acid  chlorides.  Corroaive  snblimate,  HgCI .,  in  wntergivefl  an 
acid  reaction  l)ecaii»e  of  its  hydrolytic'di8.srKMiition  into  HuOH  +  aHCL 
Introduced  in  1847  by  Blnncbard  '  for  tlje  fixation  of  planarians,  it 
was  u«ed  in  1854  by  Kemak '"  in  his  resoarche»H  on  the  multinucleated 
cells  of  embryonic  livers.  Arnold  Lanj?,  in  1878,  also  working  on 
planariaus,  was.  however,  chiefly  instrumental  in  making  sublimate 
popular.     Ita  solubility  in  water,  according  to  Poggiale,  is 

at  10"  20"  50°  80"  100° 

HgCl,    6.57  7.39  11.34  34-3  5396 

In  alcohol  it  is  soluble  to  about  33  per  cent.,  and  in  ether  to  about 
25  per  cent.  It  is  therefore  possible  to  remove  the  greater  part  of 
the  salt  from  watery  solutions  by  means  of  other.  With  ammonia 
it  forms  the  mercuriammonium  chloride  or  infusible  white  pre- 
cipitate jjg^j^ ^  ^jj jj^  ^  NHgH.Cl  +  NH.Cl. 

Analogously  to  this  equation  it  probably  combines  with  the  nitro- 
genous constituents  of  the  cell.  Mercuric  oxide  +  potassium  iodide -f 
water  forms  a  strongly  basic  solution  called  Nesalers  reagent,  which 
is  used  for  detecting  traces  of  ammonia.  The  interactions  liy  which 
this  solution  is  made  are  IIgO  +  4KT  +  IIjO  =  K,IIgI,  +  2K0H,  or  if 
written  according  to  the  ionic  view4l  +  HgO-!'HjO  =  Hgl," -f- zOU'. 
Ammonia  with  mercuric  oxide  forms  the  dimercury  hydroxide 
2HgO+ Nil;,  =  Hg,N(OH)  +  H,0,  which  with  iodine  gives  a  deep 
brown  colour. 

With  sodium  chloride  sublimate  forms  double  salts  (HgCl^  +  2NaCl) 
and  (2lIgCl,  +  2NaCI+3HjO),  a  fact  which  must  be  borne  in  mind 
when  studying  the  action  of  saturated  solutions  made  with  \  or  % 
per  cent,  sodium  chloride.  A  saturated  solution  of  HgCI,  in  |  per 
cent.  NaCl  is  approximately  a  to  fK-r  cent,  one.  These  solutions 
of  tiie  double  salt  of  mercury  and  sodium  contain,  in  addition  to  the 
ions  of  either  salt,  also  such  complex  an-ions  as  HgCl'j  and  HgCI'^, 
for  it  is  possible  to  ohtain  their  alkali  saltH.  for  example  KllgCl,  and 
KjHgCb.  The  corresponding  mercurihydro<»liIoric  acid  H'+HgC-I, 
is  obtained  by  acting  on  mercuric  chloride  with  concentrated  hydro- 
chloric acid. 

Sublimate-precipitates  with  proteids  are  soluble  in  excess  of  albu- 
min, as  well  jw*  in  salt  solutions,  and  therefore  large  amotints  of  the 
fixative  are  re<pured.  The  common  salt,  when  present,  plays  a 
double  part — it  increases  the  solubility  of  the  sublimate  and  of  the 
mercury-albuminates,  and  therefore  the  penetrating  power  of  subli- 
mate ;  see  Expeiimenta  7  to  12,  on  pp,  107-114. 

'  Bbncbnrd:  Ann.  Sc.  N,  i,3),  8,  947  (1847). 

•  Remnk  :  Arch./,  Anat.  u.  Phvuutl.  99  (1854).  Hu  ul*»  asod  ^he  fallowing 
llz«tire»:  oa  per  cent.  A<*«tic  and  chronti<*  acid.x,  so  p«'r  cent.  nlcnli<il  ana 
(■pproximaleljr)  0-5  p«r  oont.  potaraium  iodide,  and  0-35  jicr  cent,  iodine  in 
WBt0r. 
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Mercuric  iodide,  Hglj,  formed  at  low  temperatures  is  yellow,  and 
is  in  a  nrnre  unstable  state  than  the  red  salt.  It  is  onlj'  slightly 
soluble  in  water  (i  :  120),  but  readily  soluble  in  spirit  ami  in  a  solu- 
tion of  potassium  iodide,  because  the  latter  by  dissociation  liberates 
iodine-ions,  which  form  with  mercury  the  complex  soluble  aii-ion 
Hgl/'  =  Hgl,  +  2I'.  The  more  concentrated  the  iodine-ions  are,  the 
more  readily  does  mercuric  iodide  dissolve. 

The  albuminates  of  mercury  are  also  readily  decomposed  by  iodine- 
iodide  of  potash  solutions,  containing  KI3. 

Because  of  the  decomposition  of  the  albtiminates  of  mercury 
by  iodine-potassium  iodide,  on  no  condition  should  this  mixture  be 
allowed  to  act  on  the  tissues  till  they  have  been  taken  through  the 
paraffin  process.  Sections,  for  the  same  reason,  should  be  examined 
both  before  and  after  the  application  of  iodine,  to  detect  the  presence 
of  peptones  (?)  and  albumoses.  Schaper'a '  objections  to  the  use  of 
iodine  after  the  sections  have  been  made,  carry  n6  weight,  because 
the  crystids  of  sublimate,  whieti  in  liis  case  tore  the  tissues,  are 
formed  during  fixing,  either  owing  to  a  fall  of  temperature  or  to 
evaporation  of  the  fixing  fluid.  By  using  large  amounts  of  saturated 
solutions  of  sublimate,  tliis  salt  will  dissociate  less,  and  therefore  will 
be  loss  liable  to  produce  in  the  colloidal  proteids  those  changes  which 
are  caused  by  all  electrolytes,  but,  for  most  i»ui-poses,  solutions 
exceeding  5  per  cent,  in  strength  are  not  to  be  advocated. 

Stannous  chloride,  SnCl,,  gives  good  results  with  the  nervous 
system,  having  a  peculiar  action  on  Nissl's  substance,  rendering  it 
unstainable  by  toluidin-blue. 

{c)  The  Hydrogen-chlorides.  The  so-called  chlorides  of  platinum, 
namely  chloro-platinic  acid,  H^PtClf.,  of  palladium,  II,jPdCl„,  of 
iridium,  IlJrCl,.,  and  ruthenium,  H jiuCl^  (as  well  as  the  chloride 
of  vanadium,  VClj)  Avere  repeatedly  tried  t-o  see  whether  they  had 
any  advantages  over  mercuric  cldoride  as  fixing  reagents,  but  I 
can  only  repeat  what  I  stated  in  1894*;  they  have  not  a  single  ad- 
vantage as  far  as  general  fixation  is  concerned,  although  in  special 
cases  where  general  fixation  is  not  wanted  'platinum  chloride,'  be- 
cause of  the  excessive  coagulation  it  produces,  may  serve  to  V>ring  out 
conditions  which  sublimate  would  not  reveal  at  that  period.  I  am 
referring  to  the  longitudinal  splitting  of  chromatin  segments,  which 
is  seen  at  a  much  earlier  stage  if  chloro-platinic  acid  is  used  instead 
of  subliniate. 

Chloro-platinic  acid  is  a  strong  dibasic  acid,  and  differs  in  its  con- 
stitution completely  from  mercuric  chloride,  which  latter,  aa  shown 
above,  dissociates  electrolytically  into  hydrochloric  acid  and  the  oxide 
of  mercury.  Chloro-platinic  acid  does  not  liberate  any  chlorine  ions, 
therefore  no  hydrochloric  acid  is  formed,  and  also  no  precipitate  with 
silver  nitrate,  there  being  formed  instead,  in  the  latter  case,  silver 
platinum  chloride,  Ag^PtCl^.  On  being  electrolysed,  HjPtCl,  divides 
in  such  a  manner  that  the  hydrogen-ions  2II'  go  to  the  kathode, 
while  the  PtClj"  ions  go  to  the  anode  (see  p.  12J. 

'  Scliaper  :  Ana(.  Anseiger,  13,  463  (1697), 
'  AtMl.  Anaeiger,  18,  463-473. 
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The  potash  and  ammonia  salts  are  only  slightly  solublf*,  while  the 
sodium  sjilt  is  readily  soliilde  in  water,  crystallizing  with  611,0. 

The  real  platinum  chloride,  PtCl,,  is  not  hygroscopic,  as  is, the 
chloru-platinic  acid,  and  with  water  funns  Il.PtOl^O. 

Quite  apart  from  fisation.  the  [d&tinum  radical  tPtOJ  seoms  to 
act  as  a  special  mordant  for  basic  dyes,  such  as  safrunin  am)  tolui- 
din-blue,  Ixcause  tlio  compounds  it  forms  with  proteid  contain  both 
platinum  and  chlorine  mdioiilM. 

Gold  chloride,  on  being  carefully  evaporated  after  having  been 
made,  gives  aurochloric  acid,  lIAuCI,,  which  on  lieating  leaves 
behind  gold  trichloride  or  AuClj.  The  watery  solution  of  the  latter 
liAS  an  acid  reaction,  imd  contains  the  cuniph'X  an-ion  AuOCl/',  for 
AuCl,  +  H.O  =  H',+ AuCl^O".  Only  a  certain  amount  of  the  gold 
chloride  undergoes  this  change,  however,  while  the  rest  remains  as  the 
undissociated  AuCl,. 

The  salts  of  HAuCl^  are  usually  called  double  salts;  for  example, 
potassium  gold  chloride,  KAuCl^,  and  the  corresponding  sodium  salt, 
NaAuC],  +  2lI,0. 

Pure  auro-sodium  chloride  contains  14-7  per  ceni  sodium  chloride, 
but  the  ordinary  conmiercial  gold  chloride  contains  frequently  much 
larger  quantities.  Thus  Squire  states  that  *  pure '  English  gold 
chloride  is  the  sodium  gold  chloride  containing  50  i>er  cent,  of  gold, 
and  that  the  so-cjdled  *  sodium  gold  chloride'  is  an  etjual  mixture  of 
sodium  gold  chloride  and  common  salt,  reducing  the  i>ercentage 
of  gold  to  25  per  cent  According  to  Ajwithy,  Merck's  aurum  chlo- 
ratum  fuscum,  AuCl, +  2110-^  contains  53  per  cent,  of  pure  gold, 
while  aurum  chloratum  flaVum,  AuCl«H  +  4H.^O,  only  contains  48 
per  cent,  of  gold.  The  preparations  of  Grllbler  and  llollborn  con- 
tain only  hydrochloric  acid  and  water,  hint  no  sodium,  and  are 
exceedingly  hygroscopic  (Paul  Mayer). 

AufOHl,,  formed  by  the  decf«nipusition  of  the  AuCl^  or  HAuCl^,  is 
soluble  in  an  excess  of  the  alkali,  because  the  hydroxide  has  IVx-bly  acid 
properties.  Gold  chloride  solutions  with  sulphuretted  hydrogen  form 
the  black  amorphous  AuS,  which  is  soluble  in  p«:>ta8>.ium  cyanide,  1^^ 
KCN  (l>econiing  colloidal  gold  on  washing),  and  in  yellow,  but  not  in 
white  itmmonium  sulphide.  All  gold  compounds  are  readily  dissolved 
in  potassium  cyanide  solutions,  forming  Au(Cn)/  and  Au|CN),'. 

Gold  chloride  (AuClJ  for  general  purposes  cannot  bo  reconimeude<l 
as  a  fixative  because  of  its  ready  reduction,  which  seems  to  depend 
on  the  tryptophane  radical  of  certain  i>roteid-moleculefl  (see  p.  323), 
According  to  Galeotti  and  Levi '  gold  chloride  is  a  good  fixative  for 

Icjtological  work  '. 
{d)  Mercuric  nitrate,  Ug(NO,)„  is  a  very  deliquescent  salt,  liable 
on  dilution  to  pass  into  the  basic  salt  allgfNO^KJII  +  HjO  and  other 
bjisic  salts,  there  remaining  ultimaiely  only  line  oxide  of  mercurj', 
HgO.  The  formation  of  the  insoluble  basic  salt  is  readily  prevented 
by  using  as  a  solvent  i  to  5  per  cenL  solution  of  nitric  acid,  ur  by 
talking  the  requisite  amount  of  mercuric  nitrate  to  make  any  desired 


I 


»  Galeotti  and  Levi :  BtitrOgt  s.  pafi.  AnaL  17,  371  («895). 
'  See  also  Klemenciewici  in  Rollut's  iWacAr\/t  (Jena,  1893). 
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strenf»th  of  solution,  adding  the  water,  shakinj?  up,  and  ultimately 
adding  nitric  acid  drop  by  drop  till  the  solution  becomes  quite  clear. 

{e)  The  Acid  Sulphates. 

Mercuric   sulphate   (HgSO^),  when   dry.  forms  a  white  opAqu« 
mass,  which,  on  the  addition  of  water,  turns  into  the  lemon -colon  red, 
in9olul>le,  bjisic  salt  Hg^SO^.     This  conversion  may  l>p  prevented  by 
adding  sulphtiric  acid  to  the  water  used  for  dissolving  the  salt. 
(3)  Neutral  Salts. 

{a)  Ammoaium  siilphate  [(NH^(jSO,l  dissolves  at  o'C.  in  71  parts  of 
water,  at  20*^  in  763,aiid  at  100°  in  975  parts.  It  is  very  slightly  soluble 
in  aqueous  alcohol  and  insoluble  in  absolute  alcohol '.  The  reaction  of 
a  saturated  solution  of  the  commercial  salt  is  as  a  rule  sUglitly  acid, 
if  tested  with  litmus  solution.  Before  using  it  for  purposes  of  fixatioa, 
it  should  be  neutralized  carefully  with  ammonia,  and  complete  satura- 
tion be  ensured  by  having  undissolved  crystals  on  the  bottom  of  the 
flask.  Isotonic  solutions  of  ammonium  sulphate,  containing  i  per 
cent,  of  OsO,,  have  Ijcen  tried  repeatedly  with  good  results. 

{b)  Magnesium  sulphate  [MgSt\]  has  no  advantages  over  ammo- 
nium sulphate  for  histological  purposes, 

(c)  Neutral  potash  alum  is  obtained  by  carefully  adding  a  i  per 
cent,  potassium  hydrate  (KOHj  solution  to  the  ordinary  potiish  alum 
[Al._,(SO,).,  +  KaSO,  +  24HjjOJ,  till  the  precipitate  first  formed  just 
red  isso  Ives. 

((/)  Sodium  chloride  (NaCl)  dissolves  in  aqueous  alcohol,  and  is 
slightly  soluble  in  absolute  alcohol.  According  to  Poggiale,  one 
hundred  parts  of  water  dissolve  at  the  stated  temperatures  the  foUoi 
ing  amounts  of  the  salt : 


Temperahire :      0°         5°         14°         as"         40'         60°         80" 
NaCl        :  35-53    35-63    3587     36.13     3664     37-25    38-aa 


100" 
3916 


109*1 
40-; 


{(?)  Copper  acetate  f(CjH,Oj).jCu  +  H^O]  is  dark-green  in  colour  and 

is  obtained  by  dissolving  cupric  oxide  in  acetic  acid.  "V^^rdigria  is  blue 
in  colour,  and  is  a  basic  acetate  (C,H.,0„)jCu  +  Cu(OH),. 

(/)  Lead  acetate,  or  'sugar  of  lead,'  (C,H.,0,J,Pb  +  3H„O.  is  pre- 
pared b}'  dissolving  lead  oxide  or  litharge  in  acetic  acid.  When  its 
solution  is  boiled  with  litharge,  the  soluble  liasic  lead  acetate  is 
formed. 

iff)  Ammonium  chromate,  (NHJ.^CrO„  if  correctly  prepared  is 
neutral,  but  possess*^  as  anile  a  distinctly  acid  reaction  due  to  free 
CrO^  <see  p.  72},  Stirling,  in  his  Text-booh  0/  Practical  HistoU^gy^, 
recommends  50  grms.  to  be  dissolved  in  1000  ccm.  of  water  ;  to  filter 
and  to  preserve  the  filtrate  in  a  stoppered  bottle.  Fresh  tissues  are 
hardened  in  twenty-four  hours ;  are  washed  in  water  till  no  more 
colour  is  given  off,  and  are  then  placed  in  spirit.  Small  pieces  of 
kidney  are  fixed  for  forty-eight  hours  ;  are  wiiahed  and  transferred 
first  into  50  per  cent,  methylated  spirit,  and  then  into  pui*e  spirit, 
which  is  changed  till  it  becomes  quite  clear.  The  whole  washing- 
out  operation  must  be  done  in  the  dark. 

'  KoBCoe  and  Schorlcmmor  :  TntUiM  on  Chemistry. 
'  Smith,  Elder  and  Co.,  London,  1881. 
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(4)  Bodies  forming  additive  compounds. 

Osmium  tetroxide  (OsOJ,  uanally  cjillptl  osmic  acid,  in  a  watery 
solution  is  neutral  to  litmus.  It  is  a  non-elect rulyte.  The  fact  that 
it  is  reduced  to  a  varying  extent  by  different  tissues  was  first  observed 
by  Fnmz  Schuixe,  who  recommended  it  lo  Max  Schultze,  Ttie  latter 
noticed  (1865)  that  a  very  dihite  solution  is  reduced  by  a  special 
group  of  ceWn  in  the  glow-organ  of  Lampyria,  if  the  glow-worm  is  put 
living  info  the  solution,  while  dead  tissues  did  not  react  in  this  way. 
M-  Schultze  and  Rudneff  then  studied  its  characteristic  reduction 
by  fat-cells,  medullatod  nerves,  the  outer  segment  of  the  retinal  rods 
and  leueocyt.es. 

Osmium  t^troxide  keeps  well  as  a  i  per  cent,  watery  solution 
made  with  pure,  cold  water^  hut  also  if  dissolved  in  i  per  cent 
sodium  chloride  or  I  per  cent,  ammonium  sulphate.  It  readily 
dissolves  in  hot  water,  but  seems  to  become  dissociated  by  heat, 
becaitse  the  solution  made  with  cold  water  is  almost  colourless,  while 
that  made  with  hot  is  distinctly  yellow,  and  is  apt  to  Iwcome  re- 
duced 8pontanet>usly  in  the  course  of  a  few  days.  To  make  a  2  per 
cent,  solution  requires  about  three  days  at  the  ordinary  temperature, 
and  if  heat  is  resorte<l  to  in  dissi^lving  the  osmium  tetroxide.  it  must 
be  rememWred  that  we  are  dealing  in  all  probability  not  with  (ObOJ, 
bat  some  dissociation  product. 

If  the  osmium  lias  become  reduced,  it  is  best  regenerated  by  a  ten- 
volume  hydrogen  peroxide  solution  (2  to  3  dropst,  which  Bristol 
(1893)  supposes  to  act  according  to  the  formula  OsO,-f  aH^0,=0&04 
-f  aHjO.  It  is  more  likely  that  OaO^  is  reduced  to  osmium  tetra- 
hydroxide,  Os(OH)<  (as  it  is  by  the  action  of  alcoholll,  when  Os(OH)^-f 
^H,0,  =  OsO. +3H.O.  But  osmium  tetmxide  regenerated  in  this 
way  is  very  apt  to  become  precipitated,  and,  therefore,  it  is  best  not 
to  use  such  a  regenerated  solution  at  all. 

Osmium  tetroxide'  and  ruthenium  tetroxide.  RuO,,  do  not  form 
flalta»  and  in  this  respect  hold  a  peculiar  position.  Both  act  by 
forming  addition-compounds  or  simply  as  oxidizers,  and  are  non- 
eleotrolytes,  for  which  reason  they  are  of  the  highest  importance  to 
the  histologist,  as  will  l)e  shown  later  (see  p.  137). 

Osmium  may  lie  used  for  fixing  purposes  in  the  form  of  vapour 
or  in  solution.  The  former  method  has  a  twofold  advantage:  the 
fixative  penetrates  more  rapidly,  and  the  tissue  is  not  bi-ought  into 
contact  with  the  medium  in  which  the  acid  has  been  dissolved.  The 
vapour  method  Is  especially  to  l>e  recommended  for  thin  laminae  of 
tissue  or  isolated  cells,  when  the  action  of  the  rnagent  on  the  cell  is 
to  be  studied.  Gilson  (1885)  uses  for  better  fixation  of  the  nuclei 
a  mixture  of  oamo-formic  acid  or  osmo-acetic  acid  vapour.  The  solu- 
tion of  osmic  acid  has  been  useil  in  combination  with  organic  and 
inorganic  acids,  salts,  and  alcohol,  and  also  by  Dreyer*  and  myself 
mixed  with  formaldehyde  (see  p.  99). 
_^        By  referring  to  the  chart  on  p.  102  it  will  be  seen  that  *  proteida* 

H         '  Monck«berg  and  Bctho  :  Arch./,  mikr.  Anat  54,  139(18991. 

^M         *  The  motbod  employed  for  the  removal  of  osmium  from  the  tiaauea  will  bo 

H     d«teribed  later. 

J^M  MAHM  O 
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in  acid  solutions  are  readily  precipitated,  wkile  in  neutral  and  alka- 
line solutions,  with  the  exception  of  amphopeptone  and  haemoglobin, 
no  precipitate  is  formed.  All  proteid  compounds  containing  nucleic 
acid  are  not  visibly  acted  upM>n  at  alL  Flemming  (1882)  was  the 
first  to  state  that  nuclei,  after  the  use  of  OsO^,  look  more  life- 
like than  after  the  action  of  any  other  fixative,  LoeWit  (1891),  after 
fixing  the  blood  of  crayfish  with  OsO^,  noticed  that  by  the  subse- 
quent use  of  alcohol  a  precipitate  was  formed  in  the  nuclei. 

These  observations,  along  with  his  own  inveatigations,  lead 
A-  Fischer  to  conclude  that  OaO^  is  'a  veiy  feeble  and  incomplete 
precipitant,  which  will  always  fail  if  the  cell-contents  are  alkaline,' 
and  that  Flemming  ia  mistaken  when  he  supposes  the  osmium  in 
his  fixative  to  kill  instantaneoualy,  and  to  precede  in  its  action  that  of 
the  acetic  or  chix>mic  acids  which  are  also  present. 

Fischer  reasons  further:  Because  OsO^  is  such  a  feeble  precipitant, 
all  alkaline  tissues,  which  have  been  subjected  to  twenty  hours' 
fixation  and  subsequent  washing  to  remove  the  acid,  will  possess 
their  various  cell  constituents  in  an  unfixed  condition,  and  that  pro- 
teida  are  only  prevented  from  leaving  the  cell  walls  Ijecause  of  their 
colloidal  nature.  By  dehydrating  such  tissues  a  precipitation  in  the 
cells  is  produced  only  by  the  alcohol.  We  are  therefore  looking  at 
an  alcohol  precipitate  when  we  examine  a  tissue  lixcd  in  osmium 
under  the  conditions  of  fixation  stated  above. 

Facts  are  opposed  to  these  speculations :  OsO,  may  and  does  exert 
its  influence  on  cells  without  of  necessity  causing  a  precipitation  in 
them.  I  have  Injected  a  rat  with  200  cc.  of  a  i  per  cent.  OsO^  solu- 
tion, left  it  for  twenty -four  hours,  and  then  examined  the  nervous, 
glandular,  muscular,  and  connective  tissues.  The  cells  in  every  case 
looked  glassy,  and  quite  difi"erent  from  simiLir  cells  fixed  in  picric 
acid  or  sublimate.  Not  a  single  class  of  cells,  even  after  days  of  wash- 
ing with  distilled  water,  behaved  as  if  its  contents  were  soluble, 
while  glands,  muscle,  and  nerve-cells  not  fixed  in  osmium,  when 
placed  in  aq.  dist.,  rapidly  became  disintegrated.  To  meet  the  pos- 
sible objection  that  the  rat  had  become  acid  due  to  post-mortem 
changes,  I  took  a  solution  of  i  per  cent.  OsO^,  rendered  distinctly 
alkaline  with  ammonia,  and  treated  the  bladder,  mesentery,  muscle, 
pharynx,  and  retina  of  a  frog  with  it  for  one  hour ',  and  then  exposed 
the  tissues  to  the  action  of  water ;  in  not  a  single  instance  did  the 
cells  behave  a&  they  ought  to  have  done  if  the  fixative  had  not  act«d- 

It  follows  that  O3O4  acts  in  quite  a  diiferent  way  from  either  acids 
or  salts  of  the  heavy  metals.  It  fixes,  but  it  does  not  precipitate  in 
the  same  manner  as  do  other  fixatives,  formaldehyde  and  perhaps 
alcohol  excepted. 

Two  other  rats  were  injected  with  50  and  90  per  cent,  spirit,  and 
comparisons  of  tlieir  tissuc^s  made  with  those  of  the  osmium  rat. 
There  is  not  the  slightest  resemblance  either  in  the  fixation  of  the 
cells,  which  is  perfect  as  regards  absence  of  shrinkage  in  the  osmium 
specimens,  or  in  the  staining  reactions  with  aniline  dyes.     To  put 

'  The  fixing  solution,  wjw  alkaline  at  the  end  of  the  hour. 
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it  shortly  :  there  is  no  anima]  tissue  which,  when  fixed  alive,  remains 
unacted  upon  by  neutral  i  per  cent.  OsO^. 

Osniiuni  solutitms  may  be  used  in  combination  with  salts,  acids, 
or  alcohol,  hut  whon  we  wish  to  prevent  coagulation  we  may  employ 
one-fifth  to  a  iialf  per  cent.  OsO^  in  isotonic  sohitions  of  such  neutral 
■alts  as  sodium  chloride  or  auimonium  sulphate. 

It  is  customary  to  fix  for  far  too  long  a  time.  I  find  that  for 
complete  fixation  of  a  single  layer  of  cells,  as  in  the  alimentary  canal 
of  the  frog,  ten  to  fifteen  seconds  are  quite  sufficient.  Similarly  tho 
retina  requires  five  minutes,  the  mesentery  one  minute.  The  sciatic 
nerve  of  the  frog,  where,  for  ordinary  purposes,  not  so  much  fixation 
as  staining  of  the  medullary  sheath  is  required,  should  be  left  in 
a  2  per  cent,  solution  for  thirty  to  sixty  minutes.  For  the  study  of 
nerve-cells  and  axis-cylinders  twenty-four  hours  are  required. 

To  remove  the  osmium  from  eections  or  preparations,  either 
entirely  or  imrtially,  one  of  the  foIJowing  methods  will  bo  found 
useful: — (i)  P.  Mayer  (1880)  recommends  the  use  of  free  chlorine 
(or  oxygen),  which  is  most  readily  obtained  by  placing  some  crysljds 
of  potassium  chlorate  in  a  well-stoppered  bottle  and  then  adding 
two  or  three  drops  of  HCI  (or  IINOj,).  When  the  greenish-yellow 
chlorine  gas  is  being  set  free,  a  few  cc.  of  50  to  70  per  cent,  alcohol 
are  added.  The  tissues  will  be  bleached  in  this  mixture  in  a  few 
minutes.  <2)  Fol,  in  1884,  was  the  first  to  recommend  peroxide  of 
hydrogen.  Overton  uses  a  freshly  prepared  mixture  of  commercial 
peroxide  of  hydrogen,  i  part,  and  70  to  80  per  cent,  alcohol,  10  to  25 
partB,  when  decolourization  is  produced  in  a  few  minutes.  I  find  it 
Dest  to  use  only  1  part  of  11.^0,  in  50  parts  of  80  per  cent,  alcohol. 
(3)  Tho  following  methoti  1  have  used  for  over  ten  years:  Treat 
sections  with  J  per  cent,  potassium  permanganate  for  five  minutes. 
Decolourize  the  brown  sections  in  a  saturated  watery  solution  of 
sulphurous  acid,  i  part,  and  normal  saline  (o  75  NaCl),  9  pai-ts '. 

The  reduction  of  osmium  tetroxide  in  the  tissues  for  staining 
pur]>oses  is  discussed  later. 

Formaldehyde  also  belongs  to  th«  group  of  substances  forming 

Iditive  compounds.  It  vfiW  be  discussed  after  the  general  account 
compounds  of  the  fatty  series  has  been  given  (see  p.  88). 

(5)  Fatty  oompoTiiids. 
Acetic  acid,  l>elonging  to  this  group,  has  already  been  discussed 
on  p.  73,  but  it  may  help  the  reader  to  study  in  a  tabular  form  the 
inter-relationship  of  the  paraffins,  alcohols,  aldehydes,  and  fatty  acids 
(see  p.  84).  As  the  formulae  are  given  in  a  graphic  form,  it  will 
be  easy  to  understand  the  ditferenoes  between  lower  and  higher 
members  of  the  same  series  (arranged  in  vertical  rows),  and  also  the 
changes  which  nu4hane  or  marsh  gas  under^ioee  on  becoming  methyl 
alcohol,  formaldehyde,  and  formic  acid  (horizontal  row),  &c.  * 

'  At  flrtt  I  used  Pal's  dcoolniirizitig  fluid   (i  grmn  oxalio  »cid  and  i  gram 
ium  (tulpliite,  K,SO,\  but  Utterly  only  ku^phuroaa  acid. 
For  a  fuilor  aocounl  the  reader  should  4K>nault  tha  Organit  CktmiMr)/  of  rorkin 
'•nd  Kipping,  edition   1900,   or  Meyor  and  Jacobson,  Ltkrlmdi   (far  or^nitcStn 
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The  monobydric  Alcohols  are  mono-substitutron  products  of  the 
parmffina^    being    formed    by   the   substitution    of  the    monovalent 
hydroxy  1  group,  OH,  for  one  hydrogen  atom  in  paraffin,  thus : 
metlwne  CII,  +  H  Ijecomes  methyl  alcohol  or  CH, +  0H 

ethane  CH,-^H,  +  H  becomes  ethyl  alcohol  or  CH,— CH,  +  OH. 

Start ing  with  methyl  alcohol  or  carbinol,  CH,  OH,  it  is  possible 
to  replace  one  or  more  of  the  hydrogen  atoms  attached  to  the  carbon 
atom  by  some  other  monovalent  group,  when  there  ai-e  formed  mono-, 
di-,  or  tri-8tibfititution  products'  of  carbinol;  thus  in  the  primaiy 
alcohols  CH,OH  becomes  converted  into  --CH.-OH,  while  in  the 
secondary  alcohols  a  further  reduction  takes  place  iuto  >CHOH. 

Primary  alcohols  un  oxidation  give  rise  to  aldehydes  and  fatty 
acids  (see  table  on  p,  84),  while  secondarj'  aJcohuls,  containing  the 
radical  >CH0I1,  on  oxidution  become  changeil  into  ketones,  whicSi 
are  sul>stance8  possessing  the  radicjil   >C0;  for  example,  acetone, 

PH  \ 

being  a  ketone,  has  the  formula  ptr'^^^* 

Ethera  are  anhydrides  of  alcohol^  formed  by  the  condensation  of 

two  hydrucarWn  groups  into  one  molecule,  with  the  simultaneous 

elimination  of  a  molecule  of  water,  thus: 

II  H  H         H 

II  II 

H_C— O.  H  ^  HO— C— H  -  H-C— 0— C-H  +  H,0 

II  II 

H  H  H         H 

Two  molecules  of  methyl  alcohol  -  one  molecule  of  methyl  ether  -«-  waU>r. 

From  the  formula  it  will  become  apparent  that  the  oxygen  is 
linked  directly  to  the  two  carlwjn  atoms,  and  that  therefore  no 
hydroxyl  group  (OU|  is  present  in  ether,  for  which  reason  ether  is 
auch  an  indilfereut  substance,  not  being  acted  upon  by  alkalies  or 
weak  acids. 

Methyl  ether  |CH, — 0— CH,)  is  a  gas,  liquefying  at  —23  ;  one 
volume  of  water  dissolving  37  volumes  of  etlien 

Ethyl  ether  {CH,  CU,~0— CH,  CHj  has  a  specific  gravity  of 
o  736  at  o",  and  boils  at  35°  C.  It  is  soluble  in  about  10  times  its 
own  volume  of  water. 

Eaters  or  ethereal  salts  are  formed  by  the  union  of  alcohoU  with 
acids,  analogously  to  the  union  of  metallic  hydroxides  and  acids, 
thus: 

[  K  OH  +  llCl  -  KCI+  H,0] 

CH,OH  +  HCI  =  CH,C1  +  H,0 

methyl  alcohol  +  hydrochloric  _  methyl  chloride  or  chloro* 
acid  ~         methane 

Chloroform  or  trichloro-methane,  CHCl,,  has  a  specific  gravity  of 

*  Substitution  moaiia  tliu  rl'plAO(^meQt  in  ■  molecule  of  one  litom  or  a  group 
of  at^im*  by  Another  ntom  ur  group  of  atoms,  withnut  the  re«t  of  the  moleoule 
bAving  itn  cumljiiiAtion  of  molecules  interfered  with.  For  example,  C4H4,  or 
■nathane,  form«  the  mono-tiul>«titution  product  CH^CI  or  methyl  chloride,  the  di- 
mib>«tituttoD  product  CtI,Cl,  or  methylene  chloride,  and  the  iri  aubstitution 
product  CiiCl)  or  chloroform. 
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1-498  at  15°,  and  boils  at  6i*'CJ      If  chloroform  is  exposed  to  tho 

action  of  light,  especially  in  the  presence  of  air,  it  becomes  oxidized 
into  the  very  poisonous  carbonyl  chloride  (phosgene  gas)  and  hydro- 
chloric acid  [CHCli  +  0  =  CO'Cln  +  HClJ.  This  decomposition  is 
readily  detected  by  adding  silver  nitrate  solution  to  the  chloroform, 
as  the  latter,  when  pure,  does  not  give  a  precipitate  of  silver  chloride. 
Chloroform  should  alao  not  darken  when  shaken  with  concentrated 
sulphuric  acid  or  with  strong  potash '. 

Dihydric  alcohols  or  glycols  are  di-substitiition  products  of  the 
paraffins,  the  two  hydroxyl  radicals  being  attached  to  two  carbon 
atoms,  thus : 

CH,— OH 
ethane  CH, —  CH,  becomes  ethylene  glycol  or    | 

CH,— OH. 

Ethylene  glycol  is  a  colourless  viscid  fluid,  miscible  in  all  propor- 
tions with  alcohol  and  water,  but  only  sh'ghtly  soluble  in  ether.     By 
oxidation  of  one  of  the  CH, —  OH  groups  it  is  converted  into  glycoUo 
acid,  and  by  the  oxidation  of  both  groups  into  oxalic  acid,  thus; 
CH,(OH)  COOK 

I      ■  1 

COOH  COOH 

glycollic  acid  oxalic  acid ' 

Oxalic  acid  is  a  feeble  reducing  agent,  precipitating  gold  from  its 
solutions.  It  is  dibasic  in  character,  forming  soluble  alkali  aaltn, 
e.g.  ammonium  oxalate: 

COO  NH^ 

1 

COO  NH, 

Trihydric  alcohols,  for  example  glycerol  or  glycerin,  are  com- 
pounds resulting  from  tlie  substitution  of  three  hydrogen  atoms 
attached  to  three  different  carbon  atoms  by  three  hydroxyl  groups, 
thus: 

propyl  alcohol  or  CHj--CH, — CH,— OH  becomes  glycerin 
CHj(OH)^CH(On)— CHaOH). 

Glycerin  when  pure  is  crystalline  and  melts  at  i'fV.,  but  the 
oommerctal  glycerin  is  a  fluid  having  a  specific  gravity  of  1-265  at 
I5°C.  and  boils  at  290°  C,  It  is  insoluble  in  ether,  but  mixes  readily 
with  alcohol  and  water.  When  oxidized  it  forms  acrylic  acid 
CH.^=CH — COOH,  a  mono-caiboxylic  acid,  which,  being  an  un- 
saturated compound,  forms  additive  compounds,  for  example : 
CIL— CH— COOH  +  Br,:=  CH.Br— CHBr— COOH  *. 

Glycerin  is  apt  to  undergo  oxidation,  especially  if  it  contains 
traces  of  salt.  By  means  of  dilute  nitric  acid  it  is  changed  into 
glyceric  acid : 

^  Do  not  h^at  tissues  cnotaining  chloroform  beyond  58°. 

*  Duncan  and  Flockiirt  a  chloroform  prepared  from  pure  ethyl  alnihol  i»  the  best 
'  Lactic  acid  or  a-hydroxy-propioi^in  autd  (,CH, — CH(OH)— COOH)  i«  formed 
analogouslj.  *  See  oleic  ftcid.  v-  304- 
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CHiOH)CH(0H)CH,0H  =  CHXOn>Cn(OH)COOH  +  H,0 
glyoorine  =  glyceric  acid. 

On  tlio  addition  of  acetic  or  formic  acids  to  glycerin  (see  p.  249  on 
innuntiug  picro-carinin  sections),  mono-,  di-,  and  triacetina  or  gly- 
ceryl aoetatefi  will  Iw  formed  : 

C^^OH),+  CH,  COOH  =,  C  H,(OHl,O.CO.CH,  +  n,0 
„      ==C,H,(OCOCH,KOH  +  2H,0 
,.      =C,H,(OCOCH,),        +3H,0. 

(6)  Alcohols,  Aldehjrdes,  and  Acetone. 

ia)  Alcohols,  as  shown  in  the  table  on  p.  84,  are  derived  from 
hydro-carbons  by  the  substitution  of  the  hydroxy!  group,  OH,  for 
hydrogen,  and  have  the  constitutional  formula  (CoH^n+jlOH.  This 
hydroxyl  group  riuiy  react  with  other  substances  in  one  of  two  ways, 
for,  on  the  one  hand,  the  hydrogen,  being  a  comparatively  feeble 
kat-ion,  may  1*  rejvlaced  by  a  more  powerful  k.it-ion  (see  p,  14).  Thus 
methyl  alcohol  CH.,0  — II  can  unite  with  sodium,  according  to  the 
formula  CH.,0— 11  + Na  =  CII^ONr  +  H,  when  it  is  said  to  behave 
as  an  acid.  The  new  compound,  sodium  methylate,  thus  formed,  on 
addition  of  water  again  decomposes  into  alcohol  and  the  nlkalL  On 
the  other  hand,  the  hydroxyl  group  OH,  being  a  feeble  an-ion,  may 
have  its  place  taken  by  a  stronger  an-ion,  namely  chlorine,  thus 
GH,  OH -t- H  CI  =  CH3CI  +  H,0,  when  methyl  chloride  results. 
With  sulphuric  acid  it  yields  either  the  methyl  hydrogen  sulphate 
(CH,  OH  +  H  S0«  =  CHvHSO,+  HO)  or  methyl  aul[.hate  (2CH,  OH 
+  H,SO,  =  iCII.),SO,  +  2ll,0).  With  nitric  acid  methyl  nitrate. 
CH,-0(NO,),  19  obtained. 

In  all  these  internet  ions  with  mineral  acids  the  alcohol  is  said  to 
act  as  a  base.  In  the  chapter  on  electro-chemistrj*  it  has  been  pointed 
out  that  the  terms  acid  and  alkaline  ought  t«  be  restricted  to  the 
hydrogen  and  hydroxyl  iona  ;  and  therefore  when  the  methyl  alcohol 
remainder  CH.O —  unites  with  the  kat-ion  Sf>dium,  it  must  play  the 
part  of  an  an-ion,  and  when  the  methyl  alcohol  remainder  CHj — 
links  on  to  the  an-ion  chlorine,  it  acts  as  a  kat-ion.  On  substituting 
the  replaceable  OH  by  ammonia  or  its  salts  there  result  the  ammonia 
or  amins,  e.g,   methylamin,  CHj  NH^.      It  will    bo   evident 


that  alcohol,  though  neutral  to  litmus  pap>er,  is  by  no  means  a 
chemically  inert  substance.  Towards  natural  albumins  it  acts  as 
a  coagulator,  but  freely  dissolves  both  alkali  and  acid-albumins  ', 

If  tissues  or  their  constituents  be  placed  for  a  short  time  in 
absolute  alcohol  they  do  not  lose  their  solubility,  but  if  left  for  a  long 
time  they  become  quite  insoluble,  with  the  exception  of  peptones, 
albumoeea,  nucleic  acid,  and  protamin.  It  is  generally  held  that 
alcohol  causes  coagulation  by  the  withdrawal  of  water,  but  whether 
it  does  not  exert  an  effect  analogous  to  the  reactions  given  above  is 
an  open  question.  That  nucleo-histones  are  acted  upon  by  alcohol 
8t.-UUaire  has  shown  (see  p.  330), 

*  Otto  Cvhiib«im  :  7^  CA«mia(ry  </  fVo#fd»— English  transIatioD.  Huemilbn 
and  Co. 
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Ethyl  alcohol  (CJIjOII)  and  methylated  spirit  mny  be  dehydrated 
by  means  of  calcined  copper  sulphate  isewn  uj)  in  hags  and  ausjiended 
iu  the  solution.  This  method  is  cleaner  than  pouring  the  jmwder 
into  the  alcohol,  and  is  also  more  efficacious ;  ur  proceed  thus : 
Thoroughly  wash  gelatin  in  alternate  changes  of  lo  p«r  cent,  salt 
solution  and  distilled  water  ;  remove  the  salt  by  washing;  dry  the 
gelatin  ;  cut  it  into  strips  and  put  tiiese  into  the  alcohol  to  be 
rendered  absolute'. 

To  test  alcohol  fur  its  purity,  P.  Mayer*  adds  to  it  i  per  cent,  of 
the  following  mixture  : — Haematoin  i  grui.,  aluminium  chloride 
I  grra.,  and  alcohol  loo  ccm.  With  pure  alcohol  the  haematein  does 
not  precipitate  after  24  hours. 

{hj  Acetone  (CH;, — CO— CHg)  is  neutral  in  reaction.  It  mixes  in 
all  proportions  with  alcohol  and  ether ;  by  oxidation  with  CfO,  it 
splits  up  into  acetic  and  carbonic  acids.  Towards  tissues  it  probably 
acts  as  a  reducing  agent.  I  have  given  it  an  extensive  trial,  but  it  has 
no  special  features  to  recommend  it  as  a  fixative.  When  used  pure  it 
causes  a  greater  shrinkage  than  alcohol  (see  p.  104).  It  may  be  used 
because  of  its  great  diifustbility  for  purposes  of  dehydration,  and  also 
as  a  solvent  for  'anilin  '  dyes. 

(c)  Pormaldeh,yde,  Tlie  action  of  this  compound  on  albumin  waai 
first  investigated  by  Trillat  in  1893',  but  to  F.  Blum  in  1893  belongs' 
the  credit  of  having  introduced  it  into  Histology.  Formaldehydo 
(see  table  on  p.  84)  is  an  oxidation  product  of  methyl  alcohol, 
CH^-OH.  It  may  be  regarded  either  as  methyl  aldehyde,  H>CHO, 
or  as  the  oxide  of  the  diatomic  radical  methylene,  CHj,  when  its 
formula  would  be  OCH,.  By  exposure  to  light  and  warmth  it  is 
liable  to  become  changed  into  paraformaldehyde,  CgHjO,. 

Formaldehyde  is  a  gas  which  is  soluble  in  water  to  the  extent  of 
about  45  per  cent  The  commercial  watery  solution  cont^iins  ap- 
proximately 40  percent.,  and  is  ciiUed  formol  *.  The  freshly-prepared 
solution  is  neutral  to  litmus,  but  is  very  apt  to  undergo  further 
oxidation  into  formic  acid,  HCOOH,  especially  if  the  solution  is 
freely  exposed  to  light  and  air.  According  lo  Sjiibring  {see  p.  91) 
the  formol  from  HcJchst  is  Ijetter  than  the  formalin  from  Berlin. 
I  only  know  the  latter  preparation. 

When  experimenting  with  it  for  micro -chemical  purposes  the  fre« 
formic  acid  should  be  neutralized  with  magnesium  or  sodium 
carbonate  and  the  aldehyde  be  freshly  distilled.  Great  care  must  be 
taken  not  to  use  strong  alkalies,  as  they  induce  aldehydes  to 
polymerize,  i.e.  the  molecules,  having  no  foreign  body  to  unite  with, 
join  among  themselves.  No  other  organic  body  is  so  prone  to  give 
such  diverse  reactions  as  aldehyde,  because  of  the  tendency  of  the  0 
to  i>ass  from  its  double  bond  with  tlie  carbon  0=:CH^  into  a  single 
one.   Owing  to  this  very  reaction  aldehydes  act  as  reducers.    With  two 

'  TliB  originntor  of  tliiB  method  I  cjuU  uot  dutormino. 

*  P.  Muyer  :  Mttlheil.  Zo<A.  Stat  Neaftd,  10,  180  tia^i). 

•  Trillat  :  Cfmt>L  Rend,  de  I'Acad.  d.  Se.  114,  1278  (1899). 
'   Formol  is  the  nanif*  uaed  by  the  Drm  Mnisier,  LuciuH  and  Brunninf;,  HOohRi 

a/U.,  while  formalin  in  the  term  given  to  the  watory  solution  of  forinuildoliydo 
by  the  Chenu»ctie  Fabrik  auf  Actien  ^Scheringj,  Berlin. 
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molecules  of  alcohol,  aldehydes  form  acetals,  liLi«rating  water  at  the 
same  time,  especially  readily  in  the  presence  of  acetic  acid  (Geuther). 

2(CH,CH,0H)  +  0CIICH,        =  2(CH,.CH,  0)-CHCH, 

ethyl  alcohol   +  ethylaldehyde  =    ethyl  acetaL 

Aldehydes  unite,  however,  not  only  with  hydroxyl  groujis,  but  also 
witli  anijuonia  to  form  ammonium  aldehyde  : 

Of"*  +  NH,  =  Cf  NH, 
^"  ^OH 

which  then  aplita  up  into  hexa-methylene  tetiamine. 

Similarly,  amidu  euiajioundii  unite  with  aldehyde.  Either  one  or 
two  molecides  of  junido  jy^oups  may  join  on  to  one  molecule  of 
aldehyde  ;  thu8  ure<a  Ijehaves  as  follows  : 

ca;g«;  +  ocn,  =  f(><5JH; 

urea  +  aldehyde  =  methylene—  urea+  water, 

(Blum,  1896.) 

Or  if  two  groups  of  urea  unite  to  one  molecule  of  aldehyde  thou  the 
following  union  takes  place  : 

Nil, 


ccKS"; 


+  OCH,  = 


pCH,  +  H,0. 


CO 


\NH, 


(Benedicenti,  1896.) 
If  we  represent  a  )a;©latin  molecule  by  the  formula  (Gel  —  NHj),  ita 
compound  with  OCHj  would  be 

Gel=NlI.C<JJjj 
or  if  the  gelatin  molecule  be 

its  aldehyde  compound  would  be  represented  by 

NH> 


Gel< 


^NH 


/CH, 


'Just  as  aldehyde  compounds  of  ammonia  and  amido-bodies  can 
be  split  up  into  their  components,  so  is  it  possiMo  to  do  the  same 
nnth  tlie  aldehydes  of  egg  and  serum  albumin,  of  casein  and  fibrin' 
(fienedicenti,  18961. 

Sebwarz'  states  that  aldehydes  may  unite  not  only  with  the  amido 
NH,  group,  but  also  with  the  imide  radical  NH  or  with  nitrogen 
in  a  tertiary  form*;  further,  with  tlie  carbon  atom  CH^  of  the 
methylene  group,  if  the  latter  stands  in  close  proximity  to  a  nitrogen 
atom  as  it  does  in  hippuric  acid  — CO  NH-CH,CO — .    A  single  NH, 

'  Lm  Sobwarz  :  t)ber  d.  Verbladungen   d.   EiweiukOrper  mit  Aldebydcn, 

./.  pkfticl.  Ckmi.  81,  460  {1901 ). 
*  Pal :  B«r.  d.  dmnlMk.  tkmn,  Gettttach.  29,  1086  (1896). 
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group  may  fix  two  or  even  more  aldehyde  remainders',  and  as  amido- 
acida  of  the  fatty  aeries  are  the  chief  products  of  dissociation  of 
albumins,  such  compounds  as  mononiethyl  asparagin  *  must  be  kept 
in  mind  ;  further,  as  the  furfurol  reaction  given  by  the  tests  of 
Molisch  and  Liobermann  is  al>9ent,  the  carbohydrate  radical  of  pro- 
teids  may  fix  the  aldehyde,  because  Tollens  and  his  pupils  *  have 
shown  aldehydes  to  act  on  phirivalent  alcohols  and  acids  of  the  sugar 
group  :  the  oxygen  of  the  aldehyde  unites  with  two  hydrogen  atoms 
of  the  second  body  to  form  water,  while  methylene  CHj  takes  the 
place  of  the  hydrogen.  The  8H  group  of  the  proteid-molecule  and 
the  tryptophane  radical  may  also  link  on  to  the  aldehyde. 

As  no  nitrogen  is  split  off  by  treating  proteid  substances  with 
aldehydes,  it  has  been  possible  to  determine  that  a  prolonged  action 
of  aldehyde  leads  to  much  larger  quantities  of  aldehyde  being  fixed 
chemically  by  the  cell.  The  following  table  of  Schwarz  bears  out  this 
statement : 


Sumberof 

N:C 

Length  of 

N :  C  i« 

Increase 

aldehyde 

PrcteidvMd. 

in  the 

AMehvdt 

time  the 

the  proteid 

o/Caiotne 

molecule* 

natural 

used. 

aldehyde 

acted 

for 

Vihieh 

pnUid. 

acted. 

Hpm. 

100  N. 

tniermt/ar 

I 

tooN. 

Serum-albumiD 

too :  338 

formaldehyde 

short  time 

100  '  36a' 

■4 

"4 

a 

•»             » 

If       ■? 

100:359 

91 

31 

3 

H                     >) 

a  months 

100  :  381 

43 

43 

4 

Mcetaldphyde 

short  time 

100:413 

75 

375 

5 

t.                          51 

2  montliH 

too  :  43t 

93 

46-5 

6 

bcnzaldchyde 

I  hour 

too  :  367 

39 

4 

7 

Edestin 

100  :  379 

formaklehydB 

'  3  days 

100  :  291 

19 

19 

8 

Hetero-albuincwe 

100 :  307 

,,            ,,      liday 

100  :  356 

49 

49 

9 

lodtxedegg-ftlbiimin 

ioo:336j     „             „       1 7  days 

ioa  :  337 

t 

I 

This  table  also  shows  how,  m  the  result  of  maximal  action, 
practically  the  same  numl>er  of  molecules  are  absorbed  from  solutions 
of  formaldehyde  and  acetaldehyde.  Curiously  enough,  iodized  egg- 
albuinin  has  completely  lost  ita  power  of  taking  up  formaldehyde, 
which  fact  cannot  be  explained  by  a.ssuming  that  the  iodine  has  usurped 
the  place  which  the  methylene  group  miglit  occupy  ;  because  Kurajeff 
has  shown  that  serum-albumin  takes  up  55  iodine  atoms  for  ever}' 
58  nitrogen  atoms  present  in  tho  proteid,  while  the  same  amount  of 
nitrogen  combines  with  24  molecules  of  aldehyde '. 

It  is  also  interesting  to  note  that  trypsin  cannot  act  on  albumin 
which  has  l)een  treated  with  form-  or  acet-aldehyde,  but  pepsin,  prob- 
ably owing  to  the  presence  of  hydrochloric  acid,  does  attack  both 
methylated  and  ethylated  albumin. 

Tlie  visible  changes  prothiced  in  proteids  by  aldehydes  have  been 

*  B.  Erlenmeyer,  jun.  :  Ber.  d.  deiUeeh.  ehem.  OeseSech,  SO.  3896  (1B97). 
»  H.  Sfhiff:  Chemiker-ZeitHng,  23,  ao  Ci899>. 

'  ToUena  :  Ber.  d.  deutsch.  chein.  Oesellsch.  37,  189a  (1894X  and  30,  3510  (t897V 

*  KiinijefT  hns  assigned  to  aerum-albutnin  the  formula  CaoHjM^si^Or. 
Z.f.  pttyitioL  Cfiem.  26.  46a  (1899). 
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carefully  studied  by  several  observers.  Trillat^  in  1892  \  was  the 
first  to  state  that  formaldehyde  coagulates  ulbeimin,  forming  a  trans- 
parent gelatinous  mass,  Blum,  in  1893 '',  described  how  egg  and 
serum-albumin,  after  having  been  acted  upon  by  formaldehyde,  do 
not  coagulate  on  heating;  how  by  the  addition  of  acids,  alcohol,  and 
acetone,  they  are  precipitated,  but  on  addition  of  water  are  rendered 
soluble  again.  Benedicenti,  in  1896,  found  gelatin  to  become  har- 
dened and  insoluble;  blood-senim  was  converted  into  a  jelly,  fibrin 
and  casein  no  longer  swelled  up  and  became,  like  egg-white,  indiges- 
tible, and  by  aste-eam  of  steam  it  was  possible  to  drive  off  the  formalde- 
hyde, and  thereby  to  restore  the  characteristics  of  ordinary  albumin'. 
Bach,  in  1897,  noticed  that  the  coagidative  power  of  alcohol  after  for- 
maldehyde lixation  was  less  than  in  the  case  of  natural  alliumin. 

Schwarz  (p.  89),  in  1901,  studied  not  only  formaldehyde,  but  also 
acet-.  propionic,  oenanlh-,  isovaleric  and  isobutyric  aldehydes,  and 
two  aromatic  compounds,  namely,  benz-  and  salicylic  aldehydes.  His 
results  may  be  classed  into  two  groups,  according  as  to  whether  the  pur© 
proteids  with  which  he  worked  contained,  or  did  not  contain,  salts. 

The  heat  coagulation  of  egg-albumin«  after  the  addition  of  form- 
aldehyde, is  only  prevented  in  the  absence  of  salts.  If  the  latter  be 
pn.«ent  in  abundance,  coagulation  will  occur  in  the  cold.  According 
to  Schwarz  ordinary  egg-white  treated  directly  with  formaldehyde 
behaves  as  tirst  pointed  out  by  Trillat  in  1892  ;  it  coagulates  into 
ft  transparent  gelatinous  mass.  This,  according  to  my  observations, 
never  takes  place  with  commercial  formaldehyde,  because  the  latter 
contains  free  formic  acid  \  A  serum-globulin  solution  containing 
sufficient  ammonium  sulphate  to  just  remain  in  solution,  reacts 
when  treated  with  formaldehyde  like  a  salt-free  serum-albumin 
solution  ;  but  if  the  mixture  be  kept  for  some  time,  a  milky  opa- 
lescence makes  its  appearance.  In  such  a  senim-globulin  solution 
an  excess  of  formaldehyde  produces  a  thick  jelly,  resembling  that 
of  Lieberknhn.  Horae-seruni  with  formaldehyde  gives  primarily  a 
clear  solution,  nou-coagtjiable  by  heat ;  but  after  twenty-four  hours 
becomes  turbid,  and  after  a  few  days  forms  a  firm  jelly. 

The  presence  of  salts  makes  the  formaldehyde-serum-albumin 
coagidable  In  96  per  cent,  spirit;  acet-  and  propionic  aldehydes  cause 
a  turbidity  wiiich  incre-ases  on  further  additions  of  these  aldehydes, 
while  benz-  and  salicylic  aldehydes  form  at  once  a  precipitate  on  being 
added  to  an  albumin  solution  containing  ammonium  sulphate. 

As  both  hydroxyl  groups  and  amido  groups  occur  in  the  body,  a« 
may  bti  inferred  by  the  decomposition  of  '  proteids '  into  oxyl^enzols 
and  amido  bodies  (see  p,  281),  aldehydes  act  as  fixing  reagents  by 
forming  new  chemical  compounds  with  the  various  cell  constituents. 

Nils  SjObring'  has  arrived  at  the  conclusion  that  formaldehyde 


'  Oomyt.  Rtnd.  dtfAead.  d.  Sc.  114,  1378  (1893). 

*  Bliitn  :  Zeit./.  tpm.  Mikr.  10,  314  (1893). 

*  B«ne<licenti :  Arch./.  PM^mU.  919  ,1897}. 

*  See  pp.  106  antl  107,  ExpurimenU  4  and  5. 

*  i^jObring:    'Ob«r  d.   Formol  alt  FiximngsftOwigkeit,'   Anat.  Atu.  17,    973 

(MAtch,    >90QU 
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acta  as  an  oxidizer,  because  of  the  similarity  in  appearance  of  cells 
which  are  fixed  in  formaldehyde  or  osmium,  or  in  chrome  mixtures 
containing  either  osmiimi  or  formaldehyde,  and,  lastly,  because  of  the 
i^esemblance  between  the  bL^tolagical  ap])earauciBS  obtainable  with 
methyl  alcuhol  and  formaldehyde. 

We  know  that  the  living  organism  readily  reduces  such  com- 
pounds as  methylene-blue ;  but  to  suppose  a  decomposition  to  take 
place  according  to  the  formula  given  by  Sjflbring,  namely,  CHOH 
-I-  H,0  =  CH,OH  +  O,  in  which  formaldehyde  is  reduced  to  methyl 
alcohol  and  nascent  oxygen,  seems  to  me  veiy  unlikely,  I>e3ide9 
which  methyl  alcohol  produces  quite  different  appearances  histologi- 
cally from  those  seen  after  aldehyde  fixation, 

Furmol,  when  not  used  in  full  strength,  should  always  be  diluted 
with  normal  salt  solution  (0-75  NaCl),  and  never  with  water,  because 
watery  solutions  cause  such  tissues  us  blood -corpuscles  and  the  central 
nervous  system  to  swell  up  in  wliatever  strength  formol  may  be  used. 
In  most  cases  it  will  also  be  advisable  to  neutralize  the  free  formic 
acid  by  the  means  indicated  above.  In  fixing  whole  eyes,  however, 
either  an  incision  must  be  made  into  tlie  sclerotic  coat  or  formol 
solutions  be  used  which  contain  no  salt,  because  othervx-ise  tho  bulb 
will  collapse  owing  to  exosmosis  taking  place. 

(7)  Soaps  and  alkalies. 

(a)  Lysol  was  introduced  by  Keinke  in  1893.  ^^  '^  ^  solution 
of  creoaol  in  neutral  soap.  Creoaol  is  the  mono-methyl  ether  of 
homo-pyroeatechin  C^H^  CH/OH  OH.  =  i  ;  3:  4,  and  possesses  the 
formula  C,H,ClI,(OHKOCH ,).     Cresol  =  C«H,(CH,)OH. 

Lysol  is  a  good  macerating  agent  for  the  keratinized  cells  of  hair 
and  epidermis ;  although  it  does  not  precipitate  (Fischer)  it  is  used 
by  Reinke  for  the  demonstration  of  his  oedematin  granules  in 
nuclei, 

I  have  not  given  this  method  as  yet  a  fair  trial,  and  therefore 
refrain  from  any  other  remarks,  but  call  to  mind  that  precipitation 
and  fixation  are  not  necessarily  one  and  the  same,  as  pointed  out  in 
connexion  with  osmium  on  p.  82. 

(fe)  Caustic  potash,  especially  in  33  ^Je^  cent,  solutions,  may  bo 
regai'ded  as  a  fixative  for  muscle  cells  and  glands,  although,  generally, 
it  is  classed  amongst  the  macerating  agents. 

(c)  Ammonia  acts  as  a  precipitant  for  histone,  and  on  this  accoimt 
is  perhaps  not  so  objectionable  in  picro-earmin  as  is  believed  by  Paul 
Mayer,  especially  as  this  stain  should  only  be  used  for  fresh  tissues. 

(8)  Other  substances. 

Iodine  dissolved  in  [>otassium  iodide  forms  probably  the  compound 
KI^.  Iodine  thus  plays  the  part  of  an  acid  radical  in  the  potassium 
iodide  compound  ;  but  if  the  latter,  chemically  pure  and  quite  free 
of  carbonates,  be  placed  on  litmus  pafter  or  on  turmeric,  a  distinctly 
alkaline  reaction  is  obtained  on  adding  ^vttter,  which  suggests  that 
KI  breaks  up  hydrolyticJiliy  into  KOH  +  HI. 

This  curious  behaviour  explains  why  a  mixture  of  iodine-iodide 
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of  potash  in  some  inspects  hehavea  as  a  feeble  alkali,  extracting,  for 
example,  that  radical  of  Nisal's  bodies  in  nerve-cella,  which  has  an 
afiinity  for  basic  dyes.  The  first  to  use  iodine  for  fixing  puqioaee 
was  Kent '  in  1881  (see  formula  on  p.  95). 

Hofmeister'  hiis  shown  that  the  yellow  colour  of  a  watery  iodine 
solution  and  the  blue  colour  of  iodide  of  st^irch  solution  disappear  on 
tlie  addition  of  crystallized  pure  egg-albumin.  Further  additions 
of  iodine  to  neutral  egg-albumin  produce  an  acid  reaction,  and 
terminate  in  the  formation  of  a  yellow  coaguluni.  Iodized  albumin 
contains  nearly  9  per  cent,  of  irnline,  which  latter  replaces  the 
hydroxj'l  group  in  the  tyrosin  radical  of  albumin,  and  thereby  pre» 
Tents  tlie  MUlon  reaction  (see  p.  331).  Because  of  this  alteration  in 
the  aromatic  nucleus  the  Adamkiewicz  test  (see  p.  323)  also  fails. 
Iodine  and  iodic  ncid  further  act  on  the  unoxidized  sulphur  in 
albumin  crystals,  changing  it  fronx  a  mercaptan  or  sulphide  form 
into  sulphouic  acid. 

Potassium  permanganate,  KMnO^,  may  be  used  in  ^  to  i  per 
cent  solutions  for  objects  not  thicker  than  i  mm.  As  regards 
histological  appearance  it  fixes  somewhat  like  osmium  tetroxide,  but 
is  inferior  to  the  latter  Ijecause  it  acts  as  an  electrolyte.  The  tieauea 
alBo  become  very  brittle  when  transferred  to  alcohol. 


CHAPTER  V. 

Fixiso  Fluids. 

Formulae  of  the  more  important  Fixing  Fluids, 
Arranged  in  chronological  order. 
Instead  of  using  the  reagents  which  have  been  mentioned  so  far, 
singly,  it  has  been  found  that  combinations  of  two  or  more  of  them 
gfive  better  results,  Ijecause  of  the  different  naturn  of  the  cell  contents 
which  have  to  be  acted  on.  These  compound  mixtures  are  usually 
termed  fluids  or  solutions,  and  are  called  after  their  originators. 

Heinrioh  MtlUer's  Fluid,  1859  ( Vtrhandl,  d.  phys.-med,  GeseUsch., 
WOrzburg). 

Potassium  bichromate    ,         .         .         .         .         25  grm. 
Sodium  sulphate     .         .         .         .         .         •         I        .t 
Water  .         ......     100       cc 

Fix  tiBsueji  in  thp  dnrk  for  about  three  weeks.  A  human  spinAl  card  re>quinM 
for  good  fixation  fully  thn*p  months,  a  human  brain  six  to  ten  montha.  Change 
the  ifluid  during  the  firat  week  every  day.  During  the  second  wwk  <<very  other 
4»y.  Twioo  in  the  third  w«ek,  and  after  that  waekly  up  to  six  vrH>kii.  Henofforth 
•very  other  w*  ok.  The  great  advantage  poMe«wcd  by  it  in  that  it  flxe«  and 
hardens  uniformly.  The  chief  diaadruitage  is  bad  fixation  of  the  nuclear 
■truetures.  and  hence  ari<>ea  the  neee«aity  «f  combining  it  for  general  work  with 
•eeiio  acid   aa    recommended    by  Burchardt  and  Tollyeaniczky  (jk  tooV     For 

'  Kent  :  Mamial  nf  Me  Jnfu$oria,  i88i,  p.  114  ;  Jew.  R.  Mier.  Soc  lotidtm  (a),  8, 
7^0  (1883'). 

*  Hofmeiatcr :  <^er  jodirtee  Henlbumin,'  Z9it$ch.  /.  pAynol.  Chtmit,  24,  159- 
«T»  (1897  . 
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bpecial  work  oti  tJi«  central  n^nroua  sj'stem  it  lias  be^n  combined  with  oamio 
acid  (p.  374),  sulilimate  (p,  373),  und  furmaldeliydidt  (p.  275),  Aftur  the  fixation 
has  been  coinpli^ted  tlio  ttii!9U0»»  are  rin»i-d  tu  water  for  one  minute  and  then 
tranei/erred  to  70  per  eent.  spirit,  whioh  must  bo  kept  in  tlio  dark  (Stirling, 
Ttxt-book  of  PractkiU  Iliatniogy,  Smith,  Elder  and  Co.,  1881,  and  Virchow,  j1.  /.  mikrM 
AnaL  24,  117  (T885)).  Cure  munt  be  taken  to  ensure  ready  access  of  the  spii 
from  all  sid«tH,  for  which  purpose  the  tissue  should  be  either  laid  on  abaorbei 
cotton  wool  or  bo  auapended  by  mejina  of  a  thread,  which  in  prevented  from  in^ 
jurinj;  the  tisHue  by  wrapping  the  lattor  in  some  abKorbpiit  cotton  wool. 

The  70  per  cent,  spirit  should  be  changed  four  times  in  thti  course  of  as  many 
days.  It  may  be  found  to  l>o  still  coloured  yelknv,  whieli  indicutea  that  the 
whol*  of  the  free  chromic  salts  have  not  bvon  removed.  A  complolo  removal  of 
the  fixative  is,  however,  uii necessary  tn'cause  the  last  Lnicps  are  readily  got  rid 
of  by  Piiut  Miiyer'a  method  (Ix»e  and  Mayer,  Mikroscopischt  Technik,  p.  29),  who 
treats  BccttunHi  vvhit-h  are  utained  yelliiw  by  either  ehromio  aoid  or  any  of  ita 
saltH,  with  Flemining's  acid  alcohol,  containing  i  part  of  HCl  in  1000  parti) 
of  absolute  alcohol,  [16  drupa  of  as  per  cent,  IICI  •  i  cc")  To  allow  of  ready 
ataining  iu  bulk  ho  treats  tiasuca  for  some  hours  in  a  mixture  of  sulphuric  acid 
5  parts  and  water  95  parta ;  they  will  turn  a  greyish-green  colour,  and  should 
be  very  carefully  wawhed  in  running  water  to  remove  all  traces  of  acid  if  citrmin 
solutions  are  to  be  employed. 

Erlicky'B  (1877)  and  Eultschitzky's  (1877)  Fluids  (Erlicky : 
Warschattcr  Mad.  Zeit.  22,  Nos.  15  and  18,  1877.  Kiiltschitzky  : 
Z.  f.  tciss.  Mikrosc,  4,  348,  1887). 

Erlicky's  fluid  (potassium  bichromate  2|,  copper  sulphate  ^,  water 
100)  I  have  discardefl  altogether,  for  although  it  fixes  quicker  than 
MUller's  solution,  I  prefer  the  latter^  A  modification  of  this  solution, 
namely  tliat  of  Kiiltschitzky,  is  however  still  one  of  the  best  for  the 
central  noi-vous  83'steni.  To  make  the  solution,  proceed  as  follows  : — 
Dissolve  in  100  cc.  of  a  hot  20  per  cent  potassium  bichromate  solu- 
tion, ten  grams  of  copper  sulphate  ;  allow  this  mixture  to  cool ;  in  the 
photogfraphic  dark  room  add  to  the  cooled  mixture  an  equal  quantity 
of  absolute  ethyl  alcohol,  or  methylated  spirit  rendered  absolute,  so  as 
to  have  a  saturated  solution  of  bichromate  and  copper  sulphate  in 
50  per  cent,  alcohol.  Kultachitzky  saturates  50  jier  cent,  spirit  in 
the  dark  ad  lib.  with  finely  powdered  bichromate  and  copper  sulphate. 
Before  use  add  5  to  6  drops  of  glacial  acetic  acid  to  every  100  cc. 
of  the  fixing  solution.  Fix  tissues  not  thicker  than  5  to  10  mm,  in 
this  solution  for  forty-eight  hours,  taking  care  to  prevent  all  access 
of  light.  Then  transfer  them,  still  in  the  dark,  to  two  changes  of 
75  per  cent,  spirit,  and  one  change  of  90  per  cent,  spirit.  The 
further  manipulations  necessary  for  the  celloidin  or  paraffin  process 
may  now  be  done  in  the  light. 

Klemenberg's  Fluid,  1876  (Foster  and  Balfour). 

To  a  saturated  picric  acid  solution  100  cc.  add  one  cc.  of  sulphuric 
acid.  Shake  vigorously.  Filter  off  the  precipitated  picric  acid  and 
dilute  the  filtrate  with  twice  its  bulk  in  distilled  water. 

Fix  tissues  not  thicker  than  I  cm.  or  small  embryos  for  three  hours,  and  then 
transfer  them  directly  into  70  per  cent,  spirit.  Change  tliis  three  times  in  the 
coarse  of  the  first  day.  Now  transfer  to  two  changes  of  80  per  cent,  spirit  and 
90  per  cent,  spirit  during  the  second  and  third  day.  Do  not  trouble  to  remove  nil 
tmeea  of  the  picric  acid,  btM^ause  it  ia  readily  discluirged  from  the  sections  with 
75  per  cent,  spirit.  On  no  account  use  alkaLiea  in  any  form  for  extracting  the 
yellow  colour. 
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Paul  Mayer's  Fluid,  1880  {Mitth.  ZooL  Stat.  Neapel,  2,  5). 
Saturated  picric  acid  .         .         100  cc.  |[  Filter  and  use 
Nitric  acid  .         ,         .  2  „    j     undiluted  '. 

This  fluid,  in  addition  to  fixing  purposes,  raay  be  u«e<l  for  dfcnlcifymg  bones 
wliich  bMve  beeu  lixed  in  fortnol  or  bubliiuato  ttolutions ;  I  only  use  it  for  the 
latter  purpoM. 

Kent,  in  1881  {Manual  of  the  Infttsoria,  p,  114).  introduced  itjdine 
•fl^otassium  iodide  as  a  fixative.  He  saturated  with  iodine  a  satu- 
rated solution  of  potassiuiii  iodide  in  water,  and  diluted  this  stock 
solution  for  use  with  distilled  \vat«r  till  it  was  of  a  light-brown 
colour.     For  Hemak's  method  of  1854,  see  footnote,  p-  77. 

Overton,  1890  iZ.f,  wiaa.  Mikr.  7,  14)  h*»  UBed  the  vapour  of  iodine  for  fixing 
purpOHea  by  proceeding  in  this  wny  :  A  few  crystals  of  iodine  are  placxHl  in  a,  test- 
tube  and  he«ted  till  the  violet  iodine  ga»  is  formed.  By  iiivertiug  the  teat-tube 
the  lu-avy  ^aa  itt  made  to  stream  over  tht*  tis.-iut'  to  In-  fixed.  To  remove  the 
i'xline  the  tiHi^ues  are  next  warmed  for  two  to  three  miniitea  up  to  40°  C.,  and 
ure  tlien  mounted.     (,Se«  p.  ^a  for  Overton's  sulphurous  acid  method.) 

Bets,  in  1893  {Arch./,  mikr.  jlnat.9,  loi),  nsed  iodizc<l  75-80  per  cent,  alcohol  for 
hnrdening  the  spinnl  cord,  adding  new  iodine  aa  the  brown  colour  disappeared. 
After  the  cord,  without  the  dura,  had  remained  for  thri>e days  in  this  alcohol  the 
pia  mater  was  removed  and  the  cord  allowed  to  stay  another  three  days.  It  was 
then  removed  to  3  per  r!eiit.  potHsninm  l)ichromftte  til)  a  brown  precipitate  h bowed 
on  its  surface  and  then  kept  in  0-5  to  i  per  cent,  potassium  bichromate  ;  the 
cerebrum  hiilved  (uigtt&lly  Ih  burdened  ultimately  in  4  per  cent,  and  thenerelM'Uum 
in  5  per  cent,  bichromate  solution.  I  have  u*«?d,  e»p*>cia]ly  for  investigating 
the  structure  of  nerve  cells,  a  5  per  ct^^nt.  solution  of  potassium  iodide  containing 
9-S  per  cent,  of  iodine.  After  fixing  for  twenty-four  hours  the  tissues  are  placed 
directly  in  70  per  cent,  spirit. 

Waddington,  1883  {Journ.  Ji.  3Iicr.  Soc.  London  fa),  3,  185),  recom- 
mends sulphurous  acid  as  a  suhstitute  for  osuiic  acid.  See  p.  72  for 
Overton's  method  of  reudily  preparing  an  alcoholic  solution  of  SOj. 

Overton  uses  al^o  80^  dis^iolved  in  a  watery  solution  of  picric  acid, 
or  in  a  solution  of  picric  acid  in  30  to  50  per  cent,  alcohol. 

Sulphurous  acid  can  h»e  recomniendedl  l>oth  for  nuclei  and  the  cell 
body.  I  use  preferably  the  gas  (SO,),  or  where  this  is  inadmissible, 
the  gaa  dissolved  in  70  j^>er  cent,  methyl  alcohol. 

Walther  Flemming's  Fluids :  weak  fixative.  1882  {ZcUsubstane, 
Kern  und  ZelUhdhtng,  Leipzig,  p.  381),  and  strong  fixative,  1884 
(Z.  /  wiss.  Mikr.  1 ,  349), 

Wttkk  aclutUm,      Strong  KAutxon. 
I  per  cent,  osmium  tetroxide  .           .  10     cc         40     cc. 

ao  per  cent,  glacial  acetic  acid           .  0*5  „  35      „ 

10  per  cent,  chromic  acid         .           .  2-5  „  7-5 

Water 87      „  275 


100  100 

The  solutions  should  be  freshly  prepared  and  be  U)<«5d  in  the  dark. 
The  strong  solution  is  to  be  preferred   to  the  weaker  one,  and  is  oapecially 
applicable  for  the  study  of  nuolei  and  the  testis.     I  cannot  recommend  it  for 

'  Paul  Mayer  atatea  in  Lee  and  Mayer,  p.  48,  that  be  takei  water  100  parts, 
nitric  acid  (35  per  cunt  N,0,)  5  parta,  and  then  saturates  this  mixture  with 
picric  acid. 
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tiBaaes  containing  mui:h  wlnt«  fibrous  tisMUe.  because  the  latter  is  pwolledbj'thfl 
acetic  acid,  and  n:'quires  to  remain  at  lea.ot  a  month  in  the  fixative  to  allow 
the  chromio  acid  to  render  it  resistant  to  the  vraahing-out  proeeaa,  while  in  the 
meantime  the  other  con^itituctita  macerate. 

TiskUfi  to  be  fixed  in  thl-i  solution  aliuuld  not  exceed  3-5-3  mm-  in  thickness, 
and  must  remain  In  the  stolution  at  loai^^t  twenty-four  and  not  longer  than  fr>rty- 
elght  hours.  They  are  then  to  be  washed  in  running  water  at  least  twenty-four 
hours,  or  to  hit  treated  witli  sulphuroufi  acid  'see  p.  73). 

The  disadTantage  of  thiu  fluid,  a.s  that  of  all  mixtures  containing  osnnic  acid,  is 
the  *  over  fixation  '  of  the  outermost  layers  of  the  tiitaue,  which  thervfore  have  a 
glassy  homogeneous  appearance  and  do  not  stain  well.  A  great  improvement 
miiy  be  achieved  by  decomposing  the  osmium  with  oxidizing  agents  tA  indicated 
on  p.  83. 

F,  Hermann^B  Fluid  1889  [A.  f,  mil-r,  Anat.  34,  58): 
I  per  cent,  platinum  chloride  .         .         75  cc. 

a  per  cent,  oamium  tetroxide  ...  4  (or  2) 

Glacial  acetic  acid  ....  i 

,  This  solution  is  a  modification  of  those  of  Flemming  and  PodwysaoickL  The 
latter  had  added  ciirrosive  sublimate  to  Flemminsr's  solution  to  increase  the 
p4^n(^trJ)ting  power  of  the  rmmitim,  and  thus  to  get  better  fixation  of  gland-cella 
(PtHiwyssifzki,  Zieyler').  BeitrSife,  1,  x8B6). 

Comp»ri.>iotiti  t>etween  a  solution  made  up  according  to  the  above  formula 
and  on«.<  made  up  %vith  the  same  amount  of  corrosive  suVilimute  instead  of 
thi.>  '  pUvtiniim  chloride'  havo  convinced  me  that  the  sublimate  mixture  is  at 
least  equ;il,  if  not  supenmr,  to  Hi-rmann's  solution  ns  n-gurds  the  power  of 
dolicaUi  fixation,  and  hti>»  tht<  gA«at  ndvantagt*  fif  cheftpneMs,  It  must  be  re- 
momlwred,  however,  tluit  platinum  salts  form  with  HatVanin  eajiecially  stable 
compounds. 

'ri»Kuea  nitl  thicker  than  2-3  mm.  are  fixed  for  forty-eight  hours,  And 
tiubjiequently  are  treated  mt  stated  for  Flemming  s  solution. 

Mann's  FLuidB,  1890-1900'. 

[ti]  1890-3  Fornviilae  {TransacL  and  Proceed,  Bot,  Soc.  Edinb.  18, 
429,  443,  Session  1889-90.     Alga  1893,  Anat.  Ans.  8,  441). 

Saturated  wat«ry  and  alcoholic  solutions  of  corrosive  sublimate 
were  8atiir«ted  with  picric  acid. 

(h)  1894  (May)  Journ.  of  Anat.  and  FhtfsioL  loi,  and  Z.  f.  wih 
Mikr.  (November),  480. 

Saturated  solution  of  aublimate  in  0-75  salt 

solution  ......         100  cc. 

Picric  acid  .         .         .         .         .         ,         I  grm. 

With  or  without  tannin     .         .         .         .         i    „ 

The  solutions  (fx)  and  (ti|  I  no  longer  use.     (See  p.  1 19. ) 

(c)  1895. 

Saturated  HgCL,  in  |  per  cent.  NaCl  —  X 
Saturated  water  sol.  of  picric  acid      =  3 
This  solution  has  a  9i)ecific  gravity  of  1020. 

(d)  From  1895  up  to  the  present  time  I  have  used  two  solutions. 
The   one   without  formaldehyde  (A)  is  used   for   micro-chemical 

investigations,   while   the  solution  B,  containing   formaldehyde,  is 

'  I  have  thought  it  advisable  to  place  all  my  methodB  together  to  facilitate 
references. 
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tonA  to  obtain  the  best  fixation  possible  with  the  least  subsequent 
shrinkage  during  the  paraffin  process : 


Sol.  A. 


/■Boiling  water 
'  Subliaiato     . 


loo  cc. 
2-5  grm. 


When  dissolved  add — 

\         Picric  acid      .         .         i  grm.    |  Sol.  B. 
Allow  to  eool,  and  immediately  before  i 
use  add — 

Formol     .        .         lo  to  25  cc.    / 

'fpferably  inje«t  lh*>  fluid,  and  where  thia  is  inadmSuible,  fix  ti«sue»  not 
exceeding  7-10  mm.  in  thickness  necording  to  the  tinioa  spocified  herewith  : 
I  mm.  for  20  minuU-*.,  a  jnm.  for  1  hour,  3  mm.  for  4  hours.  4  mm.  for  8  hours, 
and  for  every  additional  mm.  allow  also  four  hour*.  Thus  a  tiHSue  iiieaaurinK 
one  cm.  in  thickiitins  rMjuirvs  twenty-stven  hours  twenty  minutos,  or  in  round 
figures  thirty  lioiira.  Transfer  diroctly  to  50  \^or  cent,  itpirit  and  change  thin 
in  the  course  of  the  ilrst  day  twir«,  thi«n  take  through  60  per  ix>nt.,  70  per  c«>nt., 
80  p«r  cent.,  90  f>er  cent,  aod  ab»olut«  alcohol.  Thr*  preoautions  to  be  taken 
are  detailed  below  under  'Oeneral  Prlneipioa '  on  p.  144. 

(e)  In  1894  (Z.  f.  wiss.  Mikr.  9,  4B1),  I  recommended  osmo-suWimate 
for  nerve-cells,  but  have  also  used  this  mixture  extensively  for  gland- 
cells  and  other  tissues : 

Saturated  sublimate  in  |  per  cent,  salt  sodium    50  cCt 
I  per  cent,  osmium  tetroxide      .         .         ,         50  ,1 

Fix  for  forty-eight  hoitm  in  Iht-  dark.  Transfer  to  50  per  cent,  spirit  in  the 
dark,  and  treat  KubfM'qut^nUy  ns  Ktjit«-d  for  the  pSero-comwdvo  nolutions. 

A  modification  of  this  Holution  is  that  pubtiblu'd  by  Cox,  1896^  who  fixes 
spinal  ganglia  in:  Saturated  sublimate  BolulioD<^3o  parts;  t  per  cent,  oamic 
acid  — 10  parts,  and  glacial  acetic  acid  >  5  parts. 

The  first  to  employ  osmic  acid  in  combination  with  sublimate  was  Braun,  1886 
(ZooL  Anz.  458},  who  fixed  Alcynnium,  Syinpodium,  Gorgonia,  Ac,  with  a 
tioiltng,  saturated  mixture  of  oublimaie  in  sea-wator  130-05  **"-)»  **  which  4-5 
dropn  of  I  )R>r  cent,  osmic  acid  bad  be«n  added.  Ho  fixed  for  fivv  minuttts 
and  then  transferred  the  animals  to  90  per  cent,  spirit.  As  already  otated 
above  under  '  Hermann's  Fluid,' Podwysaozki  uted  a  combination  of  sublimate 
and  Flvmming'a  solution.  ' 

(/)  A  5  per  cent,  solution  of  the  double  salt  of  corrosive  sublimate 
and  pota.sHium  bichroimite  (II^'Cl.^  +  K_.Cr.O-)  has  given  good  results 
with  electric  orgnns,  tissues  rich  in  connective  tisHuesnnd  gland-cells, 
and  has  l>een  in  use  since  1895  (see  p.  76I.  (First  publi.shed  in 
Ballowitz's  paper  on  the  electrical  organ  of  Malopterurus(Jena,  i8g^\.) 

((l)  The  chromo-corrosive  solution  for  the  central  nervous  systfm 
(1896)  contains : 

Corrosive  sublimate      .....  5  grm. 

Chromic  acid        ......  i    ,. 

Water  .......       100  cc. 

(h)  Tlie  formol-subliinate  mixture  (a  modification  of  Brause's 
Fluid,  see  p.  100): 

Sublimate,  25  i>er  cent 50  cc. 

Fomiol         .         ,         .         .         .         .         .         20  ,. 

Water 30  ,, 

a 
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This  solution  is  much  weaker  thaa  Brause's  solution  as  regards 
the  sublimate  mixture  (soe  experiments  on  pp.  117-121,  and  deduc- 
tions to  be  di'awn  from  them). 

[i]  The  formol-osmium  mixture  is  given  on  p.  99. 

{k)  The  Buliihurous  acid  me  thy! -alcohol  mixture  is  mentioned  on 
p.  95,  and  sulphuric  acid-aleuliol  on  p.  71. 

Experiments  have  been  made,  during  the  last  five  years,  with 
sulpliurous  acid  as  vapour  and  in  solution,  with  sulphuric,  phos- 
phoric, phosphomolybdic,  phosphotungstic,  trichloracetic,  imcleic, 
and  other  acids,  all  in  strength  of  i-io  per  cent,  solutions,  and  with 
cyanogen  compounds,  ,  Particulars  of  these  experiments  will  be  pub- 
lished later.  Attention  was  drawn  (p.  78)  to  the  fact  that  of  all  the 
chlorides  of  the  heavy  metals  sublimate  is  the  best.  Experiments,  not 
quite  completed,  with  mercuric  nitrate  and  mercuric  sulphate  lead 
me  to  suppose  that  they  are  more  delicate  fixatives  than  sublimate. 

{I)  Sodium  chloride  and  ammonium  sulphate,  used  either  by  them- 
selves or  in  combination  with  osmium  tetroxide,  and  iodine  potassium 
iodide  solutions  were  used  in  connexion  with  the  examination  of  fresh 
tissues. 

P.  Blum,  1893.  Formaldehyde'  Methods.  This  exceedingly  im- 
portant fixative  (see  p.  88|  was  advocated  by  F.  Blum  in  1893 
because  of  its  great  penetrating  power,  the  good  preservation  of  the 
tissue  elements,  and  the  readiness  with  which  cells  are  stained.  By 
many  observers  the  use  of  formaldehyde  is  neglected,  probably 
because  of  bad  results  which  were  obtained  owing  to  a  faulty  method 
of  using  it.  Formol  (=40  per  cent,  solution  of  formaldehyde) 
should  not  l>e  used  diluted  with  water,  but  with  some  solution  whicli 
is  isotonic  with  the  juices  of  the  organism  to  be  fixed.  In  general 
practice  a  0-75  sodium  chloride  solution  answers  this  purpose. 
Secondly,  if  formol  is  not  to  be  followed  by  some  other  fixative,  such 
as  salts  ot  the  heavy  metals  or  chrome-compounds,  tissues  should  be 
transferred  from  the  formol  fixative  directly  into  at  least  90  per  cent 
spirit, 

Bl-um'B  Fluid,  1893  {Zeitsch.  /.  tciss,  Mikros.  10,  314). 

Dilute  the  commercial  40  per  cent,  solution  of  formaldehyde  ivith 
ten  times  its  volume  of  water.  In  1896  Blum  fixed  tissues  for  six 
or  eight  hours,  and  then  transferred  them  directly  to  alcohol. 

Hover,  junr.,  1894  {Vcrh.  Anat.  GtscUsck.  9.  Vers.,  236)  fixes  in 
pure  formol,  and  then  transfere  directly  to  alcohol. 

Lavdowsky,  1894  {Anat.  Ile/fe,  Abth.  i,  4,  355),  was  the  fii*at  to  use 
a  mixture  of  alcohol  and  formaline,  advocating  the  following  mixture : 


gsp.c.  Alcohol. 

20 


Water. 
40 


Glacial  acetic  <Kid, 

I 


Mann,  1895,     I  found  on  treating  blood  with  10  per  cent  watery 

^  It  is  called  formalin  by  Hohering  nnd  Co.,  or  formol  by  Moister,  Lucius, 
and  Briining,  ur  forinaloae  by  an  American  firm  j  accordiug  to  Lee  and  Mayer  : 
GruruUQgc  d.  mikr.  TtcHnik.  iSK>i)  P-  ^« 
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formol(=4  per  cent,  formaldehyde),  that  rod  blood-corpuscles  swelled 
up  and  behaved  as  if  tl>ey  had  bf?en  plat-ed  in  water.  Since  that  time 
formol  has  been  always  firstly  neutralized  (see  p.  88)>  and  then  diluted 
with  normal  saline  (075  per  cent.  NaCl).  R.  Muir  tells  me  that  he 
has  al»o  worked  oa  this  principlo  of  using  normal  saline  when  working 
with  blocKl. 

Parker  and  Floyd,  in  1895  [Anat.  Ant.  11,  156),  attained  the  same 
end  by  using  an  alcoholic  solution  of  formol  for  hardening  brains. 
They  found  a  2  per  cent,  watery  solution  of  formol,  two  parts,  mixed 
with  95  per  cent,  alcohol,  three  parts,  to  answer  best. 

SjObring,  in  1900  {At\at.  Anz.  17,  273-304),  insists  also  on  using 
isotonic  solutions  and  hardening  thoroughly  with  ulcohoL  Mamma* 
lian  tissue  is  best  fixed  for  fortj'-etght  hours  or  longer  in  20  per  cent, 
formol  (=8  per  cent,  formaldehyde)  and  then  transferred  directly, 
for  at  least  two  days,  to  95  iK>r  cent,  alcohol.  Paraffin  sections,  fixed 
to  slides,  may  be  mordanted  with  1  per  cent,  chromic  acid  or  5  per 
cent,  potassium  bichromate. 

Dreyer  and  Mauu,  1900,  have  used  combiiiationB  of  formol  with 
osmium  tetroxide : 

FormaL  OsO,.  Water.  I  p.e.  NaOI. 

Dreyer      .         10  cc.  i  grm.  90  cc  

Mami        .        20  .,  05    .,  80  cc. 

Dnyer  uses  the  mixture  for  blood  and  Mann  for  fresh  tissues  goner- 
aTly,  in  particular  ciliated  cells,  peri-oesophageal  membrane  of  the  frog, 
and  nerves. 

Formol  has  been  most  extensively  used  for  the  preservation  of  the 
central  and  peripheral  nervous  system. 

Weljjart  (1895)  fixes  for  hia  neurogliA  method  (»ee  p,  836!  pieoos  of  the  central 
nervous  •ystem  not  thirker  thAn  5  mm.  fur  four  cUys  in  10  per  c«ut.  formol. 
Lachi  uaea  ao  per  cent,  formol  (Zm7«cA./.  wU*.  Mikr.  12,  33,  1895) ;  van  Qieson  4,  6 
iin<i  10  por  cvfxK.  formol  {Anal.  Ana.  10,  494,  1895)  for  mcduUatod  nurvea. 
Tasaale  and  Donag^o  subatituted,  in  1895,  formol  for  osmium  totroxJde  in  Oolgi's 
imprognation  method  {Mamtore  Z.  Ital.  Amut  (>,  8a.  18951,  n  procedure  also  ttdvo- 
e«t«d  b/  Strong  {Anat.  Atu.  10, 494,  1895) ;  Durig  (Anat.  An*.  10,  659,  1895^  ;  Fiah 
(IVan*.  Amer.  Mitr.  8oe,  17,  3x9,  1896J  ;  and  Ropsch  {Anai,  Atu.  11,  737.  1896). 

The  impregnation  methods  are  given  on  p.  264. 

C.  RabI,  1894  {Z,  f.  wiss.  Mikr.  9,  165),  quite  indei>endently  of 
me,  discovered  the  good  qualities  of  picro-corrosive  solutions.  Hia 
formula  is : 

Saturated  waterj'  solution  of  sublimate        .         .         t  ec. 

Saturated  watery  solution  of  picric  acid        .         ,          i  „ 

Water 2  „ 

B,  Altmann'a  Fluids,  1894  {Die  Elemcntarorganismen,  &c.,  Leipzig); 
(a)  Equal  parts  of  5  per  cent,  potassium  bichromate. 

2  per  cent,  osmium  tetroxide. 
Fix  frenh  tiwuos  for  twenty-fuur  houm ;  wash  for  Home  ho\U3  in  running  water ; 
tranjJor  in  auooeaaion  to  75,  90,  and  100  per  cent.  alcohoL 

(6)    Saturated  solution  of  mercuric  nitrate  ,         .  i  cc. 

Water 3  „ 

Formic  acid  (i- 12  sp.  gr.)    .        .        .        .        .  i  „ 

H  a 
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Prepare  this  solution  immediAtely  before  use,  and  fix  small  pieces  of  tissue  for 
fleverul  Jioura. 

K.  Zenker's  Fluid,  1894  [Mikndtener  med.  Wochcnschr.  Jahrg.  41, 

532-534)  ' 

MUller's  solution         .         ,         .         .        .  100  cc. 

Sublimate  ......  5  grm. 

Glacial  acetic  acid       .         .         .         .         .  5  cc. 

Tho  glficial  acetic  acid  intist  be  added  immBd lately  befura  use. 

This  solution  ia  one  of  tho  very  beat  for  all  pui-poaea,  nnd  I  find  it  often 
difficult  to  aay  whether  it  or  tho  picro-corrosive  formnldcliyde  gives  tho  best 
results  a<(  rp|;ardii  Bxatton,  although  the  presence  of  the  chrome  mollifies  the 
primary  staining  roactioua  considerably.  This  latter  point,  however,  can  be 
overcome  by  rumoviug  the  chromic  acid  by  Mayer's  mothodgiveu  uiidtT  '  Miiller's 
Fluid,' 

I  usually  take  instead  of  Miiller's  solution  simply  a  2-3  per  cent,  bichromate 
snlution,  omitting  iiw  x  per  cont,  sodium  sulphate,  without  baring  noticed  any 
differouce  in  the  fixing  reaction  ;  see,  however,  p,  131,  on  tho  difference  of 
Miiller's  solutinn  and  a  3-5  percent,  bichromate  Bolution. 

O.  vom  Bath,  1895  {Anat.  Am.  11,  286),  has  given  several 
formulae,  of  which  the  following  is  the  best : 

Saturated  wateiy  picric  acid        .         .         j»  loo  cc. 

SatuiTited  sublimate  solution       .         .         .  100  ,. 

2  per  cent  oamic  acid         .         .         ,         .  20  „ 

Glacial  acetic  acid  (optional)        .         .         .  2  ,j 

After-treatment  with  crude  pyrolignoous  acid  or  tannin  for  staining  purposes 
and  with  iodiuo  pota^tsiuiii  iodide  to  remove  the  sublimate. 

Weigert's  1895  fixing  methods  are  given  on  p.  236. 

BrauAQ,  i&g6  {Denksch.  mcd.-nahtnv,  GescUscJuf  Jena,  309,  1896): 

Saturated  (y-s  per  cent.)  watery  sublimate  .  75  cc. 

40  per  cent.  Formaldehyde  (Formol)    .         .  25,, 

Burchardt,  1897  (La  Cellule.  12,  337): 

Barium  bichromate.  4  per  cent,  watery  solution         60  cc 
Potassium  bichromate,  5  per  cent,  watery  solution    30  ,^ 
Glacial  acetic  acid       .         .         ....         5  „ 

The  barium  bichromate  jBxea  the  nuclei^  the  potassium  salt  the 
cell,  while  the  acetic  acid  prevents  the  deleterious  action  of  the  potash 
salt  on  the  nuclei.     See  also  the  next  fixative. 

K.  Tollyesniczky's  Fluid,  1898  (Arckf,  mikr.  Anat.  52,  202): 
Potas-sium  bichromate         ....         3  grm. 
Glacial  acetic  acid       .         ....         5  cc. 
Water        .......     100  „ 

Thin  in  a  tlioroughly  rational  formula,  according  to  the  author'a  own  showing, 
as  the  cytoplasm  ia  preserved  by  tho  bichromate,  while  the  nuclear  ek*ment»  are 
fixed  by  the  gUicia!  acetic  acid  (and  also  by  the  chromic  acid  wiiieh  will  be 
lib«rated  by  mass  action).  I  have  used  this  solution  both  for  injecting  animals 
and  al»o  for  the  fixation  of  piecen  of  (.isHUf*.  Itsjwnetrating  power  14  as  g^'oat  as 
that  of  MUller's  fluid,  and  it  is  thoroughly  to  Iks  ret'omrat-nded  for  embr>'os  of 
all  ages,  f«ir  ovaries  and  tostea  and  glimdular  structures.  The  cells  in  the  c.  ntral 
nervous  system  are  well  preserved  by  it,  and  those  who  believo,  which  I  do  not, 
that  the  thorns  of  the  protophismio  or  dondritic  processes  represent  a  normal 
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appearance,  will  find  tbetn  brought  out  by  Uub  solution  as  by  no  other,  especially 
after  ataining  in  Ehrltch's  acid  baemntem. 

Aloohol  is  perhaps  the  oldest  of  nil  fixatives,  having  been  used 
by  Leeuwenlioek,  In  modem  times  it  is  used  very  considerably 
because  it  is  especially  suitable  for  micro-cliemioal  investigations; 
but  when  used  pui-e,  it  lias  the  great  tendency,  although  to  a  lessej: 
extent  than  acetone,  of  causing  the  nucleai*  contents  to  be  driven 
against  that  side  of  the  nuclear  membrane  furthest  away  from  the 
surface  of  tlie  tissue.  There  are  produce«l  in  this  way  creseentic 
or  rather  hemisphorical  cunglouieratiuns  in  the  nuclei  (Tellyetmiczky), 
This  phenomenon  is  nut  obaervyd  if  animals  are  injected  with 
90  per  cent,  alcohol. 

The  following  alcoholic  fijLativea  are  all  to  be  relied  on  for  general 
histological  [>ur||x)ses : 

Squire  in  1892  '  advocated  the  placing  of  tissues  for  fixing  purposes 
in  gradually  increased  strengths  of  alcohol,  commencing  with  50  per 
cent,  alcohol  for  i  to  2  days ;  the  same  length  of  time  in  70 
per  cent,  and  to  complete  fixing  and  hardening  in  90  per  cent 
strength ;  after  fixation  is  achieved  tissues  should  Ijo  preserved  in 
70  jjer  cent,  alcohol. 

Carnoy'  recommends  two  formulae,  namely  glacial  acetic  acid  1 
part,  absolute  alcohol  3  parts,  and  secondly  this  mixture :  glacial  acetic 
acid  I  part,  absolute  alcohol  6  parts,  chloroform  3  parts.  The 
chloroform  is  said  to  hapten  the  action  of  the  other  constituents, 
but  it  also  causes  coagulatioit  of  albumin. 

After  fixation  I  carefully  wash  out  the  acetic  acid  with  pure  abso- 
lute alcohol. 

Van  Beneden  and  Neyt '  used  for  their  researches  on  the  eggs  of 
Ascaris  a  mixture  of  absolute  alcohol  and  glacial  acetic  acid  in  equal 
parts.     It  should  lie  made  up  immediately  before  use. 

It  must  be  remembered  that  glacial  acetic  acid,  either  by  itself  or 
in  combination  with  absolute  alcohol,  is  a  non-electrolyte,  and  that 
for  this  reason  a  truer  histological  fixation  is  attained  by  it  than 
with  solutions  containing  electrolytes  such  as  the  following,  which 
has  been  devised  for  the  study  of  oentrosomes  in  the  non-striped 
muscle  of  the  cat's  intestine. 

Leohoss^k,  1899  (Xna/.  Anz.  16,  Nos.  13,  14^  pp.  334-342),  has 
found  the  following  alcoholic  mixture  best ; 
Lenhossdk^s  Fluid : 

[  50  jier  cent,  alcohol 

Ap6thy's  mixture  ^.  Sodium  chloride    . 

I  Sublimate 

Absolute  alcohol    . 

Glacial  acetic  acid . 

Transfer  to  90,  96,  and  100  per  cent. 


100  \ 


75  cc. 


for  six  bours. 
four  hoars  eacb. 


25   „ 

5     M 

alcohol  for  twenty- 


W.   Squire  :   MeUu>d»  nnd  formulat    luwi   in  ttte  prtparaticn  qf  animal  and 
Htmtu,  Jtc,  London,  1699. 
Oamoy  :  La  CtOuU,  3,  6  and  376  (iBe7>. 
*  V.  Beneden  and  Keyt :  BvO.  AtoO.  B^.  14,  ai8  (1687). 
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CHAPTER  VT. 

The  Macroscopical  EpyKCTS  of  Fixinq  Reaoent9. 

The  following  test-tube  exf>erim<tnts  will  show  along  what  lines 
I  have  been  working  ever  since  1888.  T  started  originally  with  the 
idea  that  the  most  vigorous  coagulating  agents  ought  to  give  the 
best  histological  resuita,  on  the  supposition  that  by  their  rapid 
action  post-mortem  changes  would  be  prevented.  I  now  know  that 
such  treatment  will  not  allow  the  ordinary  changes  occurring  at 
death  to  take  place,  but  also  that  the  finer  details  in  many  cells  are 
completely  destroyed  by  such  exceedingly  vigorous  precipjtants  us 
Bubliniat«,  picric  acid,  and  tannin,  especially  if  they  be  used  in  com- 
bination as  I  advocated  ten  years  ago.  The  eii^priments  detailed  bplnw 
ought  to  be  studied  in  the  light  of  physical  chemistry  (Chapter  II), 
and  reference  should  also  be  made  to  the  views  on  coagulation  set  forth 
in  Chapter  III.  If  not  expressly  stated  otherwise  the  freshly  prepared 
egg-white  of  newly-laid  winter  eggs  was  tak«^n.  Fresh  summer 
eggs  contain  more  globulin  and  more  reducing  substances  than 
winter  eggs. 

EXPBRDIBNT    I. 

To  det«nnine  the  'coagulating*  power  of  ethyl-alcohol  on  egg- 
white: 

ABCDEFOUIKL 
Atwolute  alcohol  .  .  —  193456789  10 
Diitilled  water  .Y09876S4S3'     — 

Bgs*white    .  .itiiiitiiti 

The  alcohol  was  mixed  with  the  distilled  water  in  B  to  A'.  After 
the  addition  of  the  egg-white  each  tubo  was  closed  by  putting  the 
thumb  over  its  mouth,  and  the  tube  was  turned  sharply  over  ten 
times  so  as  to  mix  the  albumin  with  the  alcohol.  No  shaking 
was  reeort«d  to. 

Tubes  ^  to  D  showed  mechanical  co&gula  (see  p.  50)  in  decreasing 
amounts.  A  slight  turbidity  was  seen  in  ^1,  containing  no  alcohol, 
due  to  a  precipitation  of  globulin  and  ovomucoid.  This  iulie  after 
twenty-four  hours  had  set  into  a  thin  jelly.  The  opacity  increases 
■lightly  from  B  to  D,  very  small  floccuH  (mechanictd  coagula)  are 
seen  in  D.  E  \n  twenty-four  hours  forms  a  perfectly  homogeneous, 
thin  jelly  with  no  mechanical  coagula.  E  is  more  transparent  than 
D  because  of  its  greater  homogeneity.  In  F  the  jelly  is  sufficiently 
firm  to  allow  of  the  test-tube  l>eing  held  horizontally,  and  G  may  )je 
inverted  for  several  seconds  without  the  jelly,  enclosing  air-bubbles, 
moving  in  any  way.  There  is  in  (r  a  suspicion  of  fine  flocculi. 
//  contains  well-marked  fine  flocculi  in  a  very  thin  jel^' ;  the  tube 
cannot  Ite  held  horizontidly  without  disturbing  the  jelly.  /  shows 
coarser  flocculi  in  an  ojmlescent  mother  liquor,  the  whole  nnass  l>eing 
•o  fluid  that  the  tut>e  cannot  be  held  horizontally.  The  flocculi  have 
partly  settled,  leaving  a  milky  supernatant  fluid. 
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K  is  composed  of  very  coai'se  membranous  and  filamentous  flocculi ; 
the  mother  liquor  is  almost  clear,  the  slight  turbidity  being  due  to 
minute  flocculi.  The  coagulum  aftei*  lo  mimites  has  settled  suf- 
ficiently to  show  a  narrow  superficial  clear  layer.  L  contains  the 
coai'sest  flocculi,  partly  membranous,  intermixed  with  numerous  smtdl 
flocculi  which  also  rapidly  subside.  After  20  minutes  the  upper  thii-d 
of  the  fluid  in  the  test-tulje  is  perfectly  clear. 

The  general  conclusions  to  be  dm%vn  from  the  above  experiment 
are  that  40  to  50  per  cent,  ethyl-alcohol  is  a  very  efficient  coagulant 
if  it  be  allowed  to  act  for  24  houra.  Used  in  weaker  solutions 
coagulation  does  not  take  place  uniformly,  and  if  used  beyond  60  p)er 
cent,  strength  coarse  flocculi  are  apt  to  result  because  of  the  dehy- 
drating action.  It  is  therefore  best  to  fix  in  50  per  cent,  ethyl-alcohol 
for  24  houi*9  and  then  gradually  to  substitute  the  higher  percentages, 
aft-er  the  coagulable  material  has  acquired  a  cortjiin  resistance.  The 
tendency  of  weak  alcohols  to  prevent  the  formation  of  mechanical 
coagula  is  very  interesting,  and  is  probably  due  to  a  double  action, 
namely,  partial  dehydration  of  the  proteid-molecules,  and  also  to  an 
alteration  in  the  suiface  tension  of  the  fluid. 

ExPEBIMENT    2. 

To  determine  the  relative  coagulatiye  power  of  methyl-alcohol, 
ethyl-alcohol,  and  acetone.  The  i^eagents  were  obtained  from 
E.  Merck,  and  were  cheraiciilly  absolutely  pure.  The  egg-white  of 
newly-laid  summer  eggs  freshly  prepared  was  usod.  The  coagulants 
were  mixed  with  the  water  and  allowed  to  stand  till  all  bubbles  had 
disappeared.  After  adding  the  egg-white  to  the  alcohol  and  acetone 
mixtures,  the  test-tubes  were  quickly  closed  with  the  thumb  and 
then  were  turned  ten  times  upside  down  in  the  course  of  20  seconds. 
No  shaking  was  resoiied  to. 
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One  hour  after  having  completed  this  experiment  the  following 
appearances  were  seen  :— In^  all  three  tubes  showed  a  marked  foam- 
formation  un  the  surface  of  the  fluid,  and  mechanical  coagula  were 
also  noticeable  in  all  three  tubes,  most  markedly  with  methyl-alcohol 
and  least  with  acetone.  In  B  considerably  less  foam  than  in  A, 
^ain  more  with  methyl  than  with  ethyl-alcohol.  The  mechanical 
coagula  wore  finest  with  methyl-alcohol,  and  many  of  them  were 
entangled  in  tho  foam.  In  €  the  mechanical  coagula  witli  ethyl- 
alcohol  had  sunk  to  the  bottom  of  the  tulje,  while  they  floated  in  the 
methyl  and  acetone  solutions.  A  distinct  opalescence  was  seen  in  all 
three  tubes,  most  in  the  acetone  and  least  in  the  methyl  mixture. 
In  D  the  ethyl-alcohol  had  produced  a  clear  jelly,  enclosing  fine  air- 
bubbles,  methyl-alcohol  had  produced  no  jelly,  and  flocculi  were  seen 
floating  near  the  surface.     The  acetone  had  formed  an  opaque  jelly 
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much  thinner  than  in  the  ethyl-alcohol  mixtiire,  with  flocculi  near 
the  hurfaco.  In  E  etliyl-nlcuhol  showed  a  thicker  mul  more  opaque 
jelly  tlian  I),  The  niethyi-alcohi»l  had  given  rise  to  large  Hocculi 
mixed  with  air-bubldea,  and  tlie  jelly  was  much  more  opatjue  tlum  in 
the  ethyl-alcoliul  niixturt'.  Acetone  formed  an  opaque  jelly,  less  firm 
than  the  ethyl-aleoliul  jelly,  and  containing  numorous  small  florculi. 
In  i"^  the  ethyl-alcohol  jelly  was  somewhat  less  resistint  than  in  E; 
numerous  air-buhbles  and  minute  llocculi  could  be  made  uut.  The 
flocculi  were  a|>|>arontly  formed  first,  and  were  then  fixed  in  their 
position  by  the  i-emainder  of  the  mixture  setting  into  a  jetly.  The 
ethyl-alcohol  jelly  was  firmer  than  the  meth  yi-alcohol  one.  The  acetone 
mixture  had  fonned  no  jelly,  and  flocculi  were  floating  in  an  o[>aque 
mother  liquor.  In  G  to  K  in  the  ethyl-aleohol  series  membranous 
flocculi  were  noticed  gradually  increasing  in  size ;  the  opacity  of  the 
mother  liquor,  still  well  marked  in  JI,  was  much  less  in  /,  and  had 
completely  disappeai^  in  A',  owing  to  a  complete  primary  precipi- 
tation  in  the  form  of  large  membranous  coagula.  The  flocculi 
adliered  to  one  another,  most  in  the  ethyl-alcohol  tubes,  less  in  the 
metliyl-alcohol  series,  and  not  at  all  in  the  acetone  tubes.  In  the 
latter  the  coagulum  was  settling  rapidly. 

After  two  days  1)  in  the  ethyl-alcohol  tul>e  had  formed  a  firm  jelly, 
including  air-bubbles,  while  the  corresjKinding  methyl-alcohol  was 
liquid.  E  m  the  ethyl-jdcohol  tub«  waa  a  ver>'  firm  jelly,  while 
1**  showed  a  slight  exudation  uf  clear  fluid  on  the  toji,  and  a  not  very 
firm  jelly.     Acetone  hiul  not  caused  a  jelly  in  any  of  the  tubes. 

Qeneiul  conclusions. — Methyl -alcohol  with  a  molecular  weight  of 
32,  if  used  in  the  same  percentage  strengths  as  ethyl-alcohol  with 
a  molecular  weight  of  46,  is  much  less  efficient  in  producing  a  homo- 
geneous coagulation  with  normal  alkaline  egg-white.  Acetone  has 
no  '  binding '  power  as  compared  with  the  alcohols ;  it  seems  to  act  on 
the  proteid -molecules  individually,  causing  them  to  contract,  and 
thereby  le^ids  to  a  disruption  of  any  arrangement  which  may  exist. 
These  test-tube  experiments  are  fully  borne  out  by  histolagical  results, 
for  although  there  is  little  to  choose  between  ethyl  and  methyl 
[.alcohols,  the  former  being  slightly  better,  acetone  causes  such  bad 

Katioa  as  to  justify  its  disuse. 


Experiment  3. 

To  determine  the  'coagulating'  power  of  acetic  acid,     i  ccm.  of 

Ibumin  was  added  to  10  ccm.  of  25,  50,  and  100  per  cent,  of  glacial 

jtic  acid.     The  25  i">er  cent,    solution   showed   a   few  ilklefined 

locculif  while  in  the  50  per  cent,   acid  a  large  number  of  minute 

lembranous  and  transparent  flocculi  floated  in  a  jelly-like  mother 

pHquor.  which  latter  exhibited  a  slight  o].>a]e&cence.     trlacial  acetic 

|»cid  throws  down  large  membranes  of  a  white,  slightly  transparent 

>lour  ;  the  albumin  being  completely  precipitated,  no  opalescence  is 

an  in  the  mother  liquor.     These  white  membranes  do  not  change 

their  appearance  even  if  kept  for  months. 

General  conclusions :  Pure  glacial  acetic  acid  acts  thus  chiefly  aa 
..A  dehydrating  agent     It  would  appear  that  for  fixing  purposes  this 
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acid  should  l>e  at  least  50  per  cent  strong,  as  othenvise  soluble  acid 
albumins  will  be  formed. 

Experiment  4. 

To  determine  the  action  of  formaldehj-de  on  egg-white. 
Newly  bought  formol  was  used  in  the  following  proportions: 


Formol a-5  5  7-5         Jo 

Water ^■5  5  *S         — 

Egg-whit«     ....  I  I  I  I 

Perfectly  fresh  egg-white  of  summer  eggs  was  used.  The  reaction 
of  the  whit©  of  egg  was  strongly  alkaline,  while  that  of  the  formol 
was  slightly  acid.  Frx>m  A  to  ^  a  gradually  increasing  opacity  was 
seen,  but  no  coagulation  after  t-en  minutes,  D,  to  begin  with,  was 
milky  and  white,  and  Bhowefl  after  one  hour  large  ftocculi  in  a  fluid 
resembling  Avatered  milk.  On  acidifying  tlie  tul>es  J.,  B,  and  C  with 
glacial  acetic  acid,  a  marked  neutralization  precipitate  was  obtained, 
which  rapidly  disappeared  on  a  further  addition  of  acetic  acid. 

On  adding  to  10  ccm.  of  formol  2  drops  of  glacial  acetic  acid, 
mixing  these  two  and  then  adding  i  ccm.  of  egg-white,  a  coarse  mem- 
branous precipitate  resulted,  the  coagula  floating  in  a  clear  fluid. 

On  rendering  10  ccm,  of  formol  exactly  neutral  by  the  addition  of 
some  formol  which  had  stood  over  magnesium  carbonate  and  which 
was  alkaline  in  its  reaction,  and  then  adding  i  ccm.  of  egg-white,  an 
apparently  perfectly  clear  solution  resulted,  but  on  holding  the  test- 
tube  in  a  certain  way,  a  perfectly  transparent  coagulum,  in  the  form 
of  shreds  floating  in  a  clear  mother  liquor,  was  seen.  This  tube  after 
24  hours  had  set  into  a  firm  jelly  which,  although  slightly  opalescent, 
still  showed  the  clear  strands  of  coagulated  materials. 

General  conclusions:  The  most  homogeneous  fixing  effect  is 
produced  by  acting  on  the  normally  alkaline  albumin  with  carefully 
neutralized  formol.  For  this  reason  I  recommend  the  use  of  neutral 
formol  (p.  88). 

Experiment  5. 

To  determine  more  fully  the  action  of  weaker  watery  solutions  of 
Formol  (=  40  per  cent.  Formaldehyde)  on  white  of  egg. 

A         BCD         E       F       G        H         I         i 
Formol     .,.1098  7  6543  » 

Water      ...        —         la  3  4567  8  1 

Egg-white        ..  Ill  I  iiii  I 

IVoportion  of  CH,0  I  -  -  ^  o  ,  « 

to  egg-white        i     *=^  3-«:i  Sa.i  fl-8:i  94:1  a:i  i-6:i  ia:x  0.8:1  o ., .  . 

The  immediate  results  were :  —In  A  within  5  seconds  a  milky 
appearance,  settling  quickly  to  a  white  jelly.  B  was  very  similar  to 
At  but  about  15  seconds  were  required  to  form  the  milky  appearance 
similar  to  A.  C  could  be  best  compared  to  watered  milk,  while 
D  was  milky  opalescent  with  a  slight  tendency  to  the  foruintion  of 
a  sediment.  E  was  opalescent,  while  i^and  6r  resembled  in  turbidity 
a  5  per  cent,  gelatine  jelly.    II,  I,  and  K  were  very  similar  to  G,  but 
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a  gradual  diminution  in  the  turbidity  could  distinctly  be  traced 
from  H  to  A". 

Aftor  24  hours  vtry  coarse  secondary  flocculi  had  developed 
in  A,  B,  and  C.  They  were  leiist  niaiked  in  C  In  A  about  four 
drops  of  supernatant  clear  fluid  were  seen,  about  two  drops  in  i?,  and 
just  a  trace  in  G.  D  was  milky  in  appearance,  but  no  secondary 
coagula  had  formed.  It  resembltMl  tube  C  us  the  latter  appeared 
after  adding  Ihe  albumin.  In  E  the  opalescence  had  slightly  in* 
creased,  but  no  further  changes  were  seen  in  F  to  K. 

General  eoiichisions  :  Three  distinct  factors  come  into  play  in  this 
experiment,  namely,  the  concentration  of  the  formaldehyde  in  the 
solution  ;  the  total  amuunt  of  the  aldehyde  in  relation  to  the  amount 
of  egg-white;  and,  lastly,  time  (see  p.  106).  The  action  of  formalde- 
hyde differs  from  that  of  sublimate  in  being  more  protracted,  therefore 
to  get  full  fixation  by  this  reagent  it  is  necessary  to  fix  for  at  least  three 
da3r8,  because  in  the  above  exi>eriment  after  three  days  the  opalescence 
had  increased  in  U  and  K '.  From  this  experiment  it  would  appear 
also  as  if  solutions  should  not  Vje  stronger  than  2?,  as  otherwise 
secondary  coagula  may  be  formed  ;  but  I  have  obtained  good  results 
histologically  with  pure  formol  acting  for  one  week. 

ExPERIilENT    6. 

To  determiiie  the  action  of  i  |)er  cent  osmium  tetroxide  on  egg- 
white.  These  substances  were  mixed  in  all  proportions.  With  newly- 
laid  winter  eggs  a  alight  deepening  in  colour  of  the  mixture  and  a  con- 
siderable increase  in  viscosity  were  noticed,  while  with  the  egg-white 
of  newly-laid  summer  eggs  the  osmium  tetroxide  was  reduced  to 
a  deep  brown  colour  approaching  black,  but  no  deposit  was  seen  even 
after  exposing  the  mixture  to  direct  sunlight.  The  viscosity  in 
summer  eggs  seemed  to  me  greater,  as  far  as  I  could  recollect,  than 
that  produced  in  egg-white  of  winter  eggs. 

Conclusion :  Osmium  tetroxide  does  not  produce  a  visible  coagu- 
lation, but  forms  more  or  less  intimate  additive  compounds. 

EXPEBTMENT   7. 

To  determine  the  action  of  different  strengths  of  sublimate  on  the 
same  amount  of  egg-white.  The  sublimate  was  a  5  per  cent  solution 
in  distilled  water.  The  albumin  was  to  the  fixing  solution  in  the 
proportion  of  1  :  10.     (See  table  on  p.  108.) 

Ten  minutes  after  having  mixed  the  albumin  with  the  HgCl, 
mixtures  the  following  results  were  obtained : — A  showed  a  milky 
opjtiescence  with  some  sediment  In  B  the  opalescence  was  denser, 
with  less  sediment  than  in  A.  B  to  I)  showed  a  gradually  iucreasLng 
diminution  of  the  opalescence  in  the  upper  layers,  owing  U)  the 
albumin  having  been  precipitated  in  a  somewhat  coarse  form.  The 
fiediment  was  most  bulky  in  B  and  least  bulky  in  A  because  in 
the  latter  it  had  settled  to  a  much  greater  extent.    This  tendency  of 

'  It  was  Diuitted  to  make  iest^  u  to  the  amount  of  acid  reaction  in  tho  t4»t- 
tiil>ft»  at  tLe  commencoment  of  the  exporimcnt  and  aflcr  the  lapse  of  at«veral 
d.iy«,  for  it  i»  quite  iwssiblo  that  tho  turbidity  may  have  been  due  to  the 
Xuftoation  of  formic  acid  from  the  exceoa  of  formaldehyde  present. 
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the  coarser  floeculi  to  settle  into  a  firm  sediment  was  even  more  evident 
in  Ey  but  the  upper  layera  in  £  are  more  opaque  than  La  D  because 
of  the  greater  formation  of  fine  floeculi  which  had  not  as  yet  settled. 
From  i^'to  JVthe  main  bulk  of  the  precipitated  albumin  was  forming 
coareer  and  coarser  masses,  while  the  remainder  of  the  albumin  in  J^ 
formed  a  more,  and  in  G  a  leas  milky  supernatant  layer  than  in  K. 
From  //to  N  the  whole  of  the  all>urain  was  precipitated  as  a  sediment, 
the  bulk  of  which,  owing  to  firmer  settling,  gradually  diminished  up 
to  N.  BecAuse  of  the  complete  precipitation  of  the  albumin,  the 
upper  layers  were  perfectly  clean 

After  24  hours  the  following  changes  had  occurred: — In  A  the 
sediment  formed  about  one-fifth  the  total  bulk  of  the  fluid,  the  middle 
three-fifths  were  opalescent,  while  the  upper  fifth  commenced  to 
become  clear.  In  B  slightly  more  sediment  had  been  formed  than 
in  A^   and  the  upper  fifth  was  less  clear.     In   G  the  sediment 
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resembled  that  in  B^  the  middle  layer  was  more  milky  than  B^  and 
the  upper  tenth  clear.  The  upper  layer  in  7)  and  E  appeared 
opalescent,  most  so  in  the  latter.  Commencing  with  F  and  increasing 
to  Jlf  is  a  gradual  clearing  up  of  the  superficial  layers  till  in.  M  and 
A' the  upper  part  of  the  fluid  is  perfectly  clear,  owing  to  a  complete 
settling  of  the  precipitated  albumin.  From  I  to  N  the  amount 
of  sediment  in  the  test-tubes  diminished  in  bulk  because  of  the  firmer 
ftggi'^g^tiori  of  the  precipitated  albumin. 

General  conclusions :  Solutions  of  sublimate  containing  0-05  up 
to  J  per  cent,  of  this  salt,  and  used  in  amounts  equal  to  10  times 
the  bulk  of  the  tissue,  will  produce  a  more  even  coagulation  than 
stronger  solutions,  as  these  are  apt  to  form  with  increasing  strengths 
coarser  and  coarser  precipit^itea.  The  opalescence  seen  in  A  to  E,  on 
the  other  hand,  is  a  sign  of  incomplete  coagulation,  and  tissues  lt>ft 
in  these  weak  solutions  for  several  days  might  show,  in  addition  to 
the  primary  effect  of  coagulation,  a  deposit  of  secondary  coagula  on 
the  primary  ones.  JBT,  which  represents  a  25  i>er  cent,  sublimate 
solution,  is  the  lowest  percentage  which  gives  a  complete  coagulation, 
and  I  have  therefore  adopted  this  strength  in  my  mixture  (p.  97). 
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ExPKRlMrNT   8. 

Knowing  that  a  saturat«d  35  i^r  cent,  solution  of  sodiuna  chloride 
ronrlily  cnuses  a  sublimate  precipitate  of  albumin  to  dissolve,  tfiree 
distinct  sets  of  experimentn  wern  made  to  determine  what  proportions 
of  siilt  will  cause  a  distinct  visible  i-hauge  in  such  a  precipitate,  and 
what  amounts  will  prevent  the  foiinutioa  of  the  precipitate. 


EXPEKIMEXT    8  A. 

In  the  firat  experiment  5  per  c-ent,  watery  solutions  of  sublimate  and 
of  common  salt  %vere  used  in  tho  amounts  stated  in  the  table,  1  com, 
of  normal  e<?er  albumin  being  added  to  10  ccm.  of  the  sublimate-salt 
mixturo.  After  the  addition  of  the  albumin  the  test-tuljes  wore  each 
shaken  three  times,  a  shake  consisting  of  a  single  shai'p  movement 


HgCU 
5  per  cenU 

N»C1 
5  ptr  cerU. 

Alhumin, 

Pnportion  in 

S/ram  wtighls  cf 

HgCl, :  N*a. 

A  . 

10 

__ 

ia<       :  0 

B. 

9 

t 

9       •   I 

C  , 

8 

a 

4       :   » 

D  . 

7 

3 

7       :  3 

S  . 

6 

4 

3       :  a 

F  . 

5 

5 

1       :   I 

0  . 

4 

6 

a      :  3 

H. 

3 

7 

3       :  7 

I   . 

9 

8 

»       :  4 

JT. 

I 

9 

I       :  9 

L  . 

0-5 

9-5 

o-S    :  9  5 

Jf. 

0-35 

9-75 

o-as :  9.75 

'  floe 

■      wh 

y. 


The  immediate  results  are  these : — In  A  a  very  coarse  membranous 
precipitate  is  formed,  which  after  5  minutes  commences  to  settle, 
leaving  a  faintly  opalescent  supernatant  layer.  B  resembles  A,  but 
the  priH-ipitate  18  less  coarse.  G  shows  a  Jinely  floccular  precipitate  in 
a  bluish  opalescent  mother  liquor.  Soon  the  tlocculi  at'gTegat*  into 
larger  flcKrculi  like  cumuli,  and  these  commence  to  settle  quickly. 
D  resembles  6',  but  the  flocculi  are  smaller  and  settle  Ipss  4uickly. 
The  mother  liquor  is  more  opalescent  than  in  C.  The  spocifio 
gravity  of  the  egg-whito  lies  between  that  of  the  solutions  Z>  and  E, 
nearer  D,  The  tube  D  shows  a  uniformly  opalescent  fluid  with  no 
flocculi.  From  J*'to  itf  a  gradually  diminishing  opalescence  is  seen, 
which  in  3/  is  just  perceptible.   Comparing  ilf  with  B  of  Experiment  7, 

ows  that  the  sodium  chloride  has  prevented  the  formation  of  a 
iment  and  dimtnishedi  the  opalescence. 

After  24  hours  in  A  a  thick  eurdy  precipitate  occupies  the  lower 
quarter  of  the  mixture,  while  the  supernatant  fluid  in  perfectly  clear. 
B  shows  a  thick  curdy  precipitate  in  the  lower  third,  the  middle 
third  Ix^ing  distinctly  opalescent  and  sharply  marked  off  from  the 
upper  tliir<J.  which  exhibits  the  faintest  trace  of  opalescence. — C  to 
M  form  a  definite  series  in  which  the  amount  of  the  precipitate 


Xio        MACROSCOPICAL  EFFECTS  OF  FIXATIVES 

and  the  opalescence  slowly  decrease  till  only  a  few  very  light  flocciili 
are  seen  in  H,  which  thus  forms  the  most  homogeneous  tulj«.  In 
J"  to  Jtf'the  opalescence  gradually  dmiiuishes  till  it  is  just  visible  in 
M,  but  there  is  no  precipitate.  Thus  after  24  hours  H  shows  the 
same  condition  which  was  seen  in  E  immediately  after  iiuxiDg  the 
egg- white  with  the  sublimat«-8alt  mixture. 
General  conclusions  are  given  on  p.  113. 


EXPEBIMENT   8  B. 

Tn  Experiment  8  a  the  only  constant  was  the  egg-white,  namely, 
1  cem.,  while  both  the  sublimate  and  the  salt  solutions  were 
variables.  Following  the  suggestion  of  Q.  J.  Burch  I  repeated  the 
experiment  having  two  constants,  namely,  the  sublimate  and  the 
egg-white,  and  two  variables,  the  salt  and  the  water,  as  seen  in  Experi- 
ment 8  b,  while  in  Experiment  8  c  the  albumin  and  the  salt  were 
constants,  the  sublimate  and  water  being  the  variables.  (The  diflFer- 
ences  in  the  electrolytic  dissociation  of  NaCl  and  the  hydrolytic 
dissociation  of  HgClj  were  not  taken  into  consideration.) 

The  molecular  weight  of  sodium  chloride  ia  58-4,  and  a  'normal* 
solution  is  made  by  dissolving  584  grnis.  of  this  salt  in  1,000  ccm. 
of  water,  sodium,  being  monovalent.  The  miolecular  weight  of 
mercuric  chloride  (sublimate)  is  270-6,  and,  as  mercury  ia  divalent, 
to  obtain  a  normal  solution  of  sublimate  equivalent  to  that  of 
a  monovalent  substance  such  as  sodium  chloride,  one-half  tha 
molecular  weight  in  grams,  namely  135  3  grams,  would  have  to  be 
dissolved  in  1,000  ccm.  of  water.  The  solutions  used  in  this  experiment 
were  a  two-fifth  normal  sublimate  solution,  i.  e.  54a  grams  in  1,000 
ccm.  of  water,  and  a  double-normal  salt -solution,  i.  e,  ii6-8  grams  in 
1.000  ccm.  of  water.  The  reason  for  choosing  a  two-fifth  sublimate 
solution  was  Ijocause  the  insolubility  of  sublimate  prevents  a  '  normal* 
watery  solution  being  made,  its  solubility  being  only  70  instead  of 
135-3  grams  in  1,000  ccm.  of  water.  The  sodium  chloride  was  used 
in  double  its  normal  strength  to  bring  the  action  of  this  salt  quickly 
into  play. 

Care  was  taken  that  the  total  amount  of  fluid  amounted  in  each 
case  to  10  ccm.  and  that  the  sublimate,  Siilt,  and  water  were  well 
mixed  before  adding  the  albumin. 

25  ccm,  of  sublimate  solution  contain  i  -3525  grams  of  HgCl ,,  while 
5  ccm.  of  salt  solution  contain  0-584  gram  of  NaCl  (Table  on  p.  iii). 

The  inimedi.ite  results  were  i^-A  showed  no  change,  while  in  B 
a  dense  floeculent  eoagulum  appean?d  which  commenced  to  settle 
after  10  minutes.  The  eoagulum  was  so  dense  that  ordinary  letter- 
press could  not  be  seen  through  the  test-tube.  C  contained  finer 
flocculi  than  B ;  letterjiress  at  firat  was  just  visible,  but  the  writing 
became  more  distinct  after  10  minutes  because  of  the  settlement 
of  the  flocculi.  D  reevembled  C,  but  the  flocculi  were  still  finer 
and  hence  the  print  plainer  than  in  C;  after  10  minutes  individual 
letters  could  bo  recognized^  the  sediment  was  finer  and  less  abundant 
than  in  C. 
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JF  to  Z  exhibit  a  gradually  descending  series  of  opalescence.  The 
egg-white  floated  on  the  solutions  from  A  io  G  and  had  to  he  mixed 
with  the  fixing  solution  by  shaking.  At  //  the  specific  gravity  was 
approximately  tho  same  ;  th»a  egg-white  sent  downwards  fingerlike 
processes  resembling  the  tentacles  of  a  medusa.  /  at  first  sight 
might  be  taken  to  be  almost  clear,  and  L  compared  with  A  showed 
the  merest  trace  of  opalescence.  In  M  within  2^  minutes  after  adding 
the  albumin  and  shakiug  vigorously,  a  thick  curdy  precipitate  settled 
down.  In  N  the  salt-solution  did  not  quite  prevent  a  slight  opalee- 
cence,  indicating  that  some  albumin  was  still  combined  with  sublimate. 
0  showeil  a  very  faint  opalescence  due  to  incipient  globulin  precipi- 
tation. 


HgCl, 
m  ccm. 

NaCl 
in  ccm. 

Water 
in  ccm. 

AUntmin 
in  ccm. 

Prnpartiim  in 
grins,  qf 

HgClr:NiiCl.     1 

A. 

— , 

fl'5 

1 

•5 

■0           :  s-ga' 

B . 

a-s 

— 

7 

•5 

1-3535  :  0 

C  . 

>S 

0.5 

6.5 

•5 

I '3535  :  0584 

D  .        . 

a-5 

t 

6 

•5 

I -3535  :  I -168 

E  . 

as 

a 

5 

•5 

I  35^5  :  3336 

r .      . 

a-5 

a-5 

4-5 

•5 

1-3535  :  a-^ao 

0  . 

a-5 

3 

A 

•5 

1-3535  :  3504 

s. 

a-5 

4 

3 

•5 

1-3535  :  4-673 

1  . 

a-5 

5 

a 

•5 

1-3535  :  5840 

jr. 

a-5 

6 

i 

•5 

1-3535  •  7-oo8 

L  . 

a-3 

7 

— 

•5 

I  3595  :  B.176 

M. 

10 

— 

• — 

•5 

5-41       :  0 

K. 

I 

8.5 

— 

•5          1 

0541     :  9-635 

0  . 

^ 

8.5 

t 

'5 

0            :  9-635 

After  24  hours : — In  A  the  solution  was  absolutely  ckar.  In  £  a 
heavy  white  curdy  precipitate  occupied  the  lower  one-third,  while 
the  upper  two-thirds  showed  a  just  [>erceptible  opalescence.  C  to  6? 
showed  a  slight  precipitate,  most  marked  in  Cnnd  gradually  diminish- 
ing till  just  visible  in  G  ;  the  supernatant  fluid  showed  a  marked 
bluish  opalesconce,  most  marked  in  (7  and  gnidually  diminishing  till 
O.  In  //  to  L  no  precipitate  was  visible,  and  the  solutions  gradually 
became  less  opalescent,  till  in  L  the  opalescence  was  just  visible. 

After  48  hours  traces  of  a  fine  floccular  precipitate  were  seen  in 
all  the  tuijes  from  //  to  i,  being  least  marked  in  L. 

M  containetl  a  dense  procipitate  in  the  lower  one-fifth  of  the  tube^ 
the  upi)er  four-fifths  being  {Perfectly  clear.  With  transmitted  sunlight 
the  flocculi  iji  tho  precipitate  were  seen  to  be  much  coarser  than  in  B. 
In  N  tho  opalescence  was  still  visible,  while  0  was  perfectly  clear, 
with  the  mei*est  trace  of  a  sediment 


ExFERIHEirT   8  c, 

The  sublimate  and  salt  solutions  were  of  the  same  strength  as  in 
Experiment  8  b.  tho  constants  in  this  case  being  the  salt  and  the 
variables  the  sublimate  and  water. 
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NaCl 
in  ccm. 

HgCl, 
in  ccm. 

H,0 
IN  eon. 

Albumin 
in  ccm. 

Proportion  in 

fframs  0/ 
HgCI,    :  N«C1. 

A. 

lO 

I 

84 

5 

00541 

1. 168 

B, 

lO 

a-5 

8a.5 

5 

013525 

I-I68 

C  . 

lO 

5 

80 

5 

0-3705 

:i-i68 

D. 

lO 

lO 

75 

S 

05410 

1.168 

E  . 

lO 

ao 

65 

5 

1-083 

t-i68 

F  . 

lO 

as 

60 

5 

1-3525 

1. 168 

G. 

lO 

30 

55 

5 

1-693 

1.168    , 

It, 

to 

40 

45 

5 

9-164 

1168 

I  . 

TO 

50 

35 

5 

3.705 

1. 168 

[Jf . 

lO 

60 

as 

5 

3-25 

t't6a 

'x  . 

lO 

70 

15 

5 

3-787 

1-168 

if. 

lO 

80 

5 

5 

4.328 

I-I68 

The  immediate  results  : — All  soltitions  from  AioM  are  opalescent ; 
7>  t<i  //  show  a  flocculent  precipitate  after  the  first  three  shakes  ;  on 
cttiitinding'  to  shake  this  precipitate  clisappoara,  but  reforms  after 
5  iiiiuutos,  thi>u(;h  to  a  much  Ipsaer  extent  than  at  first.  The  specific 
gravity  of  egg-while  lies  between  /andiT,  nearer  to  I.  /after  10 
minutes  hIiows  traces  of  a  flocculent  piiecipitate,  similar  to  the  primary 
one  Heen  in  7J  and  JL  K,  L  and  ill  are  milky  opalescent  with  no 
tracts  of  Jlo(!culi  10  minutes  after  the  experiment. 

Aft<«r  48  hours  all  the  tubes  from  A  to  M  are  markedly  opales- 
cent, the  opalescence  and  the  amount  of  precipitate  in  the  bottom  of 
the  t*st-tube  increasing  gradually  from  A  to  M.  In  M  the  upper 
one-tenth  of  the  solution  is  somewhat  clearer  than  the  subjacent 
pDPl  i4>n,  showing  that  a  second  crop  of  flocculi  is  about  to  settle  dowTi. 
K  \\\t]Wi\vH  more  milky  than  either  I  or  L.  M  in  general  character 
stronjjjy  roaembios  C  of  Experiment  8  a. 

Oenoral  conclusions  are  given  at  end  of  Experiment  9, 


EXPEBIUKNT    9. 


J 


A  saturnted  solution  of  sublimate  in  05  percent,  sodium  chloride 
(daule's  solution),  and  this  solution  diluted  with  an  equal  bulk  of 
watet;  were  compared  with  a  satumted  solution  of  sublimate  in. 
distilled  water  iind  also  with  this  solution  diluted  with  an  equal  bulk 
of  distilled  water. 

Result :  Tho  saturated  eublimate-salt  solution  formed  a  sediment 
consisting  of  coarser  flocculi  than  the  saturated  watery  sublimate 
solution,  and  therefore  did  not  settle  down  as  firmly  as  the  former. 
The  sediments  formed  by  the  half-saturated  solutions  only  settle 
down  to  one-half  the  extent  of  those  formed  b^-  the  saturated  ones. 

There  was  nodilTeience  noticealde  in  the  sediments  of  tho  two  half- 
saturated  solutions,  while  iho  suj^ernatant  fluid  in  that  test-tube 
containing*:  the  half- saturated  salt-sublimate  mi-vture  was  opfilescent, 
because  tho  Siilt  leads  to  tho  formation  of  some  very  fine  coagula,  or 
partly  dis.so!ves  tho  mercury  precipitate.  After  shaking  up  the  two 
half -saturated  solutions,  the  one  containing  salt  settles  more  quickly. 


» 
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General  conclusions :  Sodium  chloride,  if  present  in  even  minute 
traces,  has  a  distinct  solving  action  on  the  sublimate  precipitate,  and 
if  it  be  to  the  sublimate  in  the  proportion  of  3 :  7  gram  weiglit  (Exp. 
8a^  D)  the  formation  of  a  solid  coagulum  is  prevented  altogether, 
— the  pioteid-molecules  being  fixed  separately  give  rise  to  a  fine 
opalescent  emulsion.  Still  further  additions  of  salt,  especially  if  the 
amount  by  g^m  weight  of  sodium  cliloride  to  the  sublimate  is  as 
5-84: 135,  prevent  coagulation  altogether  (Exp.  8  b,  I\  because  the 
sodium  chloride,  bj'  its  ready  dissociation  into  sodium  ions  and  chlo- 
rine i«nsi,  saturates  the  watery  solution  with  the  latter,  and  thereby 
prevents  any  more  chlorint*  ions  being  formed.  Sublimate,  which 
would  normally  brpak  up  hydrolytically  nccor<!ing  to  the  formula 
HgOiI  +  2HCl  (p.  21),  and  its  hydrochloric  acid  into  the  hydrogen  ion 
with  an  acid  reaction  (p.  15)  and  the  chlorine  ion,  cannot  do  so  now, 
as  the  formation  of  the  chlorine  ions  in  a  solution  already  saturated 
by  them  is  impossible. 

When  sublimate,  therefore,  is  used  in  strong  saline  solutions,  it 
cannot  dissociate  hydrolytically,  and  no  hydrogen  ions  being  formed 
the  reaction  of  the  sublimate  and  salt  solution  remains  neutral,  as 
has  already  l>een  noticed  by  I^ee  and  Mayer \ 

When  a  proteid,  coagulated  by  sublimate,  is  treated  with  a  solution 
of  sodium  chloride  it  becomes  soluble,  becjiuse  we  are  dealing  with 
the  following  changes:  From  the  table  of  electro-affinities  (p.  14),  it 
will  be  seen  that  sodium  is  a  much  stronger  kat-ion  than  mercury, 
and  hence  sodium  will  displace  the  mercury  in  the  albuminate,  a 
sodium  instead  of  a  raercurj'  albuminate  being  formed  ;  the  mercury 
ions,  turned  out  of  their  union  with  the  albumin,  link  on  to  the  chlo- 
rine an-ions  to  form  sublimate,  and  as  the  solution  is  already  saturated 
with  an  excess  of  chlorine  ions,  the  HgCl,  cannot  dissociate,  and  w« 
arrive  at  the  same  result  as  if  we  had  added  a  solution  of  sublimate 
in  a  strong  salt  solution  to  the  proteid.  The  sodium  albuminate  does 
not  coaguiftte,  because  all  neutral  salts,  such  as  sodium  chloride,  fail 
to  produce  coagulation. 

These  experiments  make  it  clear  that  it  is  by  no  means  immaterial 
whether  tissuee  ore  fixed  in  sublimate  or  in  sublimate-sodium  chloride 
solutions.  Some  years  ago  M>  Ileidenhain  was  good  enough  to  inform 
me  by  letter  ttiat  his  object  in  using  sublimate  dissolved  in  salt  bo1u> 
tion  was  to  increase  the  solubility  of  the  former.  At  that  time  I  had 
made  these  experiments,  but  refrained  from  arriving  at  any  rash  con- 
elusion  because  I  did  not  know  then,  nor  do  I  now.  to  what  extent 
th«  electrolytic  dissociation  of  sublimate  is  prevented  by  the  addition 
of  salt,  particularly  as  the  new  factor  of  increased  solubility  of  the 
mercury  salt  comes  in  '. 

When  staining  sections  the  instability  of  the  mercury  albuminate 
most  also  be  borne  in  mind. 


•  Lee  and  Mnyer :  GnmdrQQe  d.  mUer.  Ttehnik,  J901,  p.  43. 

*  Experiments  have  l>«<>n  guing  on  for  some  time  to  nttle  exporimentallj  the 
precise  effi^ct  pi-odaced  on  ttuuua  by  adding  kodium  cliloride  to  subliinato 
eolations  in  different  proportions. 
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EXPERIHEKT    10. 

To  determine  the  coagulating  power  of  the  double  salt  HgCI^  +  NaCl 
when  used  in  different  strengths.  The  double  Bait  was  made  up  as 
a  5  per  cent  solution. 

A  B        C        D       E         F 

5  per  cent,  double  B«lt  solution       .         .     lo  86431 

Wmter —  34689 

Albumin.         ......i  iiiit 

Double  Halt  by  weight    ....       0-5  04      0-3     o-a     01     005 

After  twenty-four  hours  the  amount  of  sediment  diminished  from 
A  to  Ff  showing  that  to  get  a  complete  precipitation,  as  far  as  this  is 
possible  in  the  presence  of  sodium  chloride,  the  fixative  to  the  object 
to  be  fixed  must  be  in  the  proportion  of  10  to  i.  That  precipitation 
waa  not  complete  was  determined  by  adding  some  of  the  5  per  cent. 
double  salt  solution  to  the  tubes  D,  E,  and  F,  when  an  increase  in  the 
amount  of  opalescence  was  observed. 

Experiment  11. 

To  determine  the  effect  of  a  10  per  cent,  watery  solution  of  the 
double  salt  HgClj  +  aNaCL 

ABC 
10  per  cent,  double  salt     •        .        .     10        8       6 


Water 

Albumin 


B 


After  twenty-four  hours  all  test-tubes  had  a  milky  opalescent  ap- 
pearance, the  tul>e  C  being  the  most  milky  because  the  specific  gravity 
of  this  fixing  solution  was  primarily  equal  to  that  of  the  albumin 
solution,  and  for  this  reason  also  no  sediment  was  formed.  In  the 
remaining  four  tubes  the  sediment  diminished  slightly  in  this  order, 
E,  D,  B,  A. 

Experiment  12. 

To  determine  the  effect  of  the  double  salt  HgClj  +  KaCrjO,  in  a 
5  per  cent,  watery  solution. 

ABODE 

.       5        4        3        8        « 
.—        1334 
05     0.5     05     0.5     0.5 


I 


5  per  cent,  double  salt 

Water 

Albumin    . 


The  immediate  results:  The  specific  gravity  of  egg-white  lies  be- 
tween A  and  B,  but  nearer  B.  Both  A  and  B  formed,  on  shaking 
with  the  egg-whito,  coarse  coagula ;  in  C  the  coagulum  was  interme- 
diate. After  i^  hours  a  clear  supernatant  layer  was  seen  in  A,  B, 
and  C  in  the  proportion  of  3:2  :  i.  D  shows  a  fine  coagulum,  and 
is  also  the  best,  inasmuch  as  no  supernatant  clear  layer  and  no  pre- 
cipitate had  formed  after  if  hours.  E  shows  a  uniform  precipitate, 
which,  after  1^  hours,  had  divided  into  an  upper  milky  layer  and  a 
lower  flocculent  sediment. 

After  24  hours  :  A,  B,  and  C  show  a  supernatant  clear  layer, 
diminishing  from  A  to  C,  with  perhaps  a  trace  of  opalescence  in  C, 
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The  sediment  had  settled  down  most  in  Ay  and  leaat  in  (7.  D  with 
a  faintly  opulescent  upper  layer  and  a  sediment  which  had  not  settle<l 
down  so  much  as  in  C.  E  with  no  further  change  except  that  the 
iaediment  had  settled  a  little  more. 

Experiment  IS  a. 

To  study  the  effect  of  adding  acetic  acid  to  sublimate  solutions. 
The  test-tulwa  were  turned  upside  down  sixteen  times,  after  having 
their  mouths  closed  wiih.  the  tlmmb. 

A        B        C         D         E        F        G  II 

OlAciwl  acetic  acid     .         .        .         i         i         t         i         t         t         t  — 

5  per  (rent,  aublimntc         ,.       —         i         33459  lo 

W»ter 987654—  — 

Egg-wbiio          ...tiiiiizi  t 

The  effect  after  10  minutes:  In  A  the  coagulum  first  noticed 
quickly  disappeared.  In  B  small  flocculi  buoyed  up  by  air-bubbles 
were  seen  at  the  top,  small  flocculi  occupied  the  main  middle  portion, 
while  a  considerable  precipitate  covered  the  bottom  of  the  tube,  C 
reaembled  B,  but  the  flocculi  in  the  middle  portion  of  the  tube  were 
smaller.  D  and  E  resembled  B,  but  the  f»pacity  in  the  middle  layer 
was  gradually  increasing',  and  the  llocciili  were  so  small  as  to  be 
hardly  N-isible.  F  had  the  same  specific  gravity  as  the  egg-white. 
The  middle  layer  was  milky,  and  contained  about  twenty  times  the 
amount  of  flocculi  seen  in  B  to  E.  In  F  and  G  the  flocculi  were  mem- 
branous, o\\'ing  to  the  t€st-tubes  having  been  moved  about  gently  at 
the  tirao  of  coagulating  the  egg-whito.  In  i^the  sediment  was  about 
6^*6  times  that  of  D.  The  middle  layer  was  very  milky.  In  G  all  the 
egg-white  w^as  precipitated,  and  formed  a  sediment  with  the  excep- 
tion of  a.  few  fine  flocculi  which  were  JSoating  in  the  supernatant  clear 
mother  li<juor. 

The  effect  after  60  minutes :  B  io  E,  on  being  shaken  up,  showed 
that  a  gradual  incroaso  in  the  amount  of  coagulum  had  been  pro- 
duced, but  in  B  and  C,  as  compared  with  the  effect  noticed  10  minutes 
after  the  experiment,  a  partial  solution  of  the  coagulum  was  seen  to 
have  taken  place. 

The  effect  after  12  hours  :  In  j4,  as  stated  above,  the  primary  pre- 
cipitate seemed  to  have  disappeared,  but  now  a  very  scanty  flocculent 
precipitate  was  seen,  the  mother  liquor  being  very  slightly  opalescent 
The  same  held  good,  in  increasing  amounts,  from  B  to  7),  In  E  the 
mother  liquor  was  strongly  opalescent ;  in  J^  milky  opalescent ;  in 
G  milky,  with  a  slight  tendency  towards  a  complete  clearing  in  the 
uppermost  layers.  The  sediment  increased  regularly  from  A  to  E, 
the  most  marked  increase  being  in  F,  and  four  times  that  of  F  in  G. 
The  amount  in  G  and  II  was  approximately  the  same,  but  while  the 
mother  lifiuor  had  a  faint  opalescence  in  Gr  it  was  perfectly  clear  in  il. 

EXPERIMEXT    13  b. 

Similar  to  the  last,  but  with  stronger  percentage  solutions  of  sub- 
limate and  glacud  acetic  acid.     In  every  case,  after  mixing  the  5  per 
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cent,  sublimate  and  the  glacial  acetic  acid  in  tlie  proportions  stated, 
only  lo  ccm.  of  the  mixture  was  used  and  i  ccm.  of  egg-white  added< 
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Glacial  acetic  ncid     . 
5  per  cent,  sublimate 

In  A  the  immediate  result  Tvas  the  formation  of  a  milky  opalescent 
fluid,  in  which  comparatively  fine  flocculi  wpre  floating,  resiemlding 
the  appearance  seen  in  the  test-tube  G  of  Esperiinent  13  a.  After 
30  minutes  three  distinct  layers  could  bo  distinguished — an  upper 
opalescent  one,  a  middle  layer  of  veiy  fine  coagula  which  were  settling, 
and  at  the  bottom  a  third  stratum  composed  of  coarse  coagula.  After 
12  hoiirs  the  upi>erraost  layer,  owing  to  a  continued  settling  of  the  fine 
flocculi,  was  perfectly  clear  ;  the  middle  stratum  had  now  the  a[>pear- 
ance  which  the  upper  stratum  had  after  completing  the  experiment. 
The  flocculi  in  A  are  coareer  than  in  B,  and  for  this  reason  the  mother 
liquor  appears  more  transparent  in  A  than  in  B.  From  B  to  i^the 
mother  liquor  gradually  becomes  more  and  more  opalescent  and 
less  milky.  The  amount  of  the  coagulum  from  C  to  i^  seemed  in- 
creased, as  the  formation  of  larger  and  larger  membranous  precipitates 
prevented  a  settbng  into  so  small  a  bulk  as  in  B.  G  contained  in 
a  perfectly  clear  mother  liquor  exceedingly  largo  membranous  floc- 
culi resembling  those  in  //,  except  that  they  were  more  transparent, 
owing  to  the  presence  of  the  glacial  acetic  acid. 

After  12  hours,  from  J?  to  ff  a  decreasing  amount  of  opalescence 
was  seen,  which  was  milky  in  J?,  milky  opalescent  in  C,  and  different 
degrees  of  opalescence  up  to  G,  in  which  it  was  very  slight.  The 
amount  of  sediment  was  diminished  in  A  to  C  because  of  the  dis- 
solving action  of  the  acetic  acid,  but  from  D  to  (?  it  increased  because 
of  the  formation  of  membranous  coagula  due  to  the  combined  action 
of  strong  acetic  acid  {see  Experiment  3)  and  of  the  sublimate. 

General  conclusion  :  On  comparing  the  eflfect  of  acetic  acid  with 
that  of  sodium  chloride  (Experiment  8  a)  it  will  become  evident  that 
in  the  weaker  solutions  the  acetic  acid  (Experiment  13  a,  B,  G) 
increases  the  coagulating  effect  of  sublimate,  and  that  in  stronger 
solutions  (Exp.  13  b)  the  action  of  acetic  acid  i>eculiar  to  itself  (Exp.  3) 
comes  into  play. 

EXPEBIMEKT   14. 

To  detei-mine  the  effect  of  adding  a  i  per  cent,  osmium  tetmxid 
solution  to  a  5  per  cent,  corrosive  sublimate  eolution. 


Ot.0,. 

HgCl,. 

Water. 

Alhumin. 

Propoftion  t»f 
OaO,  ^0  HgCl,. 
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B  . 
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As  regards  the  amount  of  settling  no  difference  could  be  seen  after 
24  hours  in  A  to  F^  but  while  the  precipitate  in  i^  containing  no  OsO, 
was  exceedingly  mobile,  the  cohesion  in  the  precipitates  was  noticed 
to  Increase  from  A  to  E^  beinp  most  marked  in  E,  which  latter,  cor- 
respondini;;  to  my  osmium-sublimate  tiolutiuii,  coutaius  the  osmium 
tetroxide  to  the  sublimate  in  the  proportion  of  i  in  5. 

EXPEIUMENT    15. 

To  dcfeermine  the  extent  to  which  formol  modifies  the  action  of 
auhlimats.  Compare  this  GXfx?riment  with  Exj>eriments  4,  5,  and  7. 
The  sublimate  solution  used  was  a  5  per  cent,  watery  solution.  The 
formol  is  the  commercial  40  per  cent,  formaldehyde  containing  traces 
of  formic  acid. 


5  per  ceitL 
HgCl.. 

Pure 
fvrmci. 

Allrttmin, 

Proportion  o/aubUmaU 
lafurmaUtei^dt        1 
in  fprtnlpgm. 

a     .     .      . 

9 

8 

I 

3 

0.45     :    04 
0-40     :    0-8 

c     .      .      . 

D        .        .        . 
E       .         .        . 

r     .      .      . 

7 
6 

5 

4 

5 
6 

035     :     »a 
o<3o          t-6 
0-35     :     a 
o>90         a>4 

0     .      .      . 

H       .                 . 

3 

a 

1 
8 

0-15          a.8 
0  lo     :    3.a 

X       .        ,        . 
K       .        .        . 

I 

9 

10           1 

0.05     :     36 
—       :     4 

L       .        .        . 

JO 

— 

4         ;    0 

T         ...Jr.i.^   .ee 

-.1 .    k  «.-_ 

*L  _   ..    :    

It ,.v_ 

. 

Immediate  effect:  After  the  primary  three  shakings  the  coarseness 
of  the  coagulum  decreas<Ml  in  regular  order  from  A  to  /.  After  10 
minutes^  on  trying  to  break  up  the  primniy  precipitate,  a  resistance 
was  noticed  which  became  eapeciidly  marked  at  E  and  then  gradu- 
ally increa.sed  till  it  reunrhed  its  maximum  at  /.  K  offered  no 
resistance  when  shakon  up.  After  three  vei-y  vigorous  shakings 
the  test-tubes  were  left  standing  vertically,  when  after  5  minutes 
the  coagulated  egg-white  was  seen  to  be  moving  upwards  in  E  and  F, 
leaving  a  small  clear  lu-ea  in  the  bottom  of  the  test-tulje.  An  explana- 
tion of  the  peculiar  behaviour  of  the  clut  is  diAicult  to  give,  but  it 
would  appear  that  the  air-bubbles  entangled  in  the  coagulum  by  the 
shaking  process  cause  a  certain  amount  of  it  to  float,  and  that  this 
portion  forms  a  nucleus  to  wiiich  the  rest  of  the  coagulated  egg-white 
attaches  itself. 

After  24  hours  :  In  A  the  greater  part  of  the  coagulum  forms 
a  flocculent  sediment,  but  about  one-tenth  floats  on  the  surface  of 
ifae  liquid,  li  to  F  show  a  dejise  white  coagulum  in  the  upper  part 
of  the  test-tube,  leaving  the  lower  portion  of  the  fluid  i»erfeclly  clear. 
The  amount  of  clear  fluid  in  the  bottom  of  the  teat-tubes  B  to  E  is 
in  tlie  pnif>ortion  of  2  :  3  :  4  :  6  :  7,  owng  to  a  gradually  increasing 
amount  of  contraction  of  the  flr»ating  clot.  The  most  uniform  and 
homogeneous  coagulum  is  that  m  D.     In  all  tubes  from  B  to  E  the 
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SSMB 

is  •»— «i«i  4o  G,  list  tib0 

4Btd  boMt  witti  looM  floocoli  a  number  of  vUek,  lanraif  Jjufyud  6BL, 
taam  %  rfig^  — diuient.  /  oc*ataiiis  a  lualing  dot  aiwlar  to  G,  bat 
jfipeanig  BMK«  open  and  bang  qoito  irnqgdar  «n  ila  iMrar  snifMiai. 

to  g;  bnt  the flaalnig dat k awMh k—  ■himamt     UiB 
G  to  £,  ti»e  fltdd  in  tiw  batton  la  no 
owing  to  the  fonxuddehyde  orercomiitg  the  adiflB  of  Ike 
In  X  two-Hiirds  of  the  ooagulum  fctnu  a  denae  wbiie 
tJiird  forms  a  ftnatiwg  auaa  from  which  misuU*  flooeafi  m 
^Warhmg  themaehpca  and  falling  to  the  botit>m.     Hw 
ftklAJliA  of  the  tttbe  is  perfectly  cleac 

G«aeral  ecmeltiEions :   Judging  by  tiiia  experiment  pertiipi  K 
the  beat  fixatiTe,  bat  all  solationa  eoniaiini^  formol  Md 
can  be  relied  on  provided  ther  contain  ai.  feast  lo  per  ooiL 
aea  Uie  ziext  expieiiment. 


T 


16. 

II  «■§  danved  to  obtvn  a  2-5  per  cent  wnblfmat^  aolntiaa 
log  raapadzvely  2*5  per  cent.,  5  per  ocaL,  10  per  cent,  and  ao  per 
cent,  of  fonnaldebjde.  Therefore  5  per  oenL  wateiy  sublinwie  and 
40  per  cent,  formaldehyde  |=  formol  |  and  water  were  taken  in  the 
following  proportions : 


HfCI,. 

IfarmL 

Wmttr, 

Fn^artitm  <^  mOiimmtta 

A        .        .        . 

B       .        .        . 
C        .        .        . 
P       .        .        . 

50 

50 

50 

50« 

4B-TS 
37-5 

as 

»-5     -      •« 

»S     :      5 
••5     :     »o 

a.5     :    ao 

TmHifdiate  leaolta :  All  tul»e«  gave  a  primarr  miltr,  curdy  pc«- 
cipitatcv  the  finest  ooagulum  being  in  B ;  then  came  in  this  oirdar 
C,  Af  and  2>.  AiW  again  ahakang  up  aecondaxy  flooculi  form  in  tbe 
order  A^  B,  C,  X>,  being  ooarBest  in  D. 

After  24  bcMns:  In  ^  the  sediment  had  aettled  most,  and  least 
in  i> ;  S  and  C  were  intermediateu  The  bulk  of  the  sediment  was  to 
the  Bupematant  clear  fluid  in  j1  in  the  pr(^>ortion  of  4  :  i.  showing 
that  thia  prseipttate  haa  not  tbe  same  tendency  to  settle  as  has  a  pun 
anblimite  precipitate.  From  .i  to  2>  the  eoheeion  of  tbe  sediment 
MiijinaM  Rgnlariy  with  tbe  increase  in  the  amount  of  formaldehyde. 
B  Atmed  more  eohcaion  than  A  and  Imiemifaemae  in  the  formation 
of  aecopdary  floeculL 
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EXPERIKENT    17. 

To  test  the  relative  pi^cipitatiDg  power  of  2*5  per  cent,  watery 
subUniiite  ;  of  2-5  per  cent,  sublimate  in  i  per  cent,  picric  acid  ;  of 
I  per  cent,  picric  acid  (at  20°  C),  and  of  a  saturated  ummouiuui- 
picrate  solution.  10  cc.  of  each  fixing  solution  and  05  cc.  of 
albumin  were  taken. 

The  inimtidiate  i-esiilt  was  a  very  coarse  precipitate  in  the  picro* 
corrosive  mixture,  a  less  coarse  coapulum  in  the  sublimate.  The 
picric  acid  produced  a  coarse  membranous  procipiliitc,  which  on 
again  being  shaken  up  commenced  to  isettle  within  two  minutes ; 
Mnmonium  picrate  produced  only  a  faint  turbidity. 

After  24  hours:  Sublimate  allowed  a  fine  precipitate  occupying  twice 
the  bulk  of  that  produced  by  pier 0 -corrosive.  The  sediment  in  the 
latt«r  was  more  bulky  than  that  in  the  picric  acid  tube  (which  as 
mentioned  had  received  a  second  shaking).  The  supernatant  fluid 
in  the  picro-corrosive  tube  was  very  slightly  turbid,  more  so  in  the 
picric  acid,  when  a  settling  of  the  very  finely  distributed  precipitate 
manifested  itself  by  the  uppermost  layer  of  fluid  being  perfectly 
clear.  No  change  was  visible  \vith  the  ammonium-picrate  solution 
excepting  that  the  opalescence  had  increased  slightly,  probably  owing 
to  an  escape  of  ammonia. 

Ge4ieral  conclusions:  This  series  shows  firstly,  that  picric  acid  has 
an  enormous  precipitating  power  used  by  itself,  and  secondly,  that 
it  increases  the  coagulating  power  of  sublimate,  because  the  picro- 
corrosive  sediment  occupied  less  space  than  did  the  sublimate  one. 

If  it  is  therefore  essential  to  coagulate  everything  present  at  the 
exi>ense  of  fine  structure,  picro-corrosive  sublimate  is  the  best  I'eagent. 
To  preserve  minute  histological  detail  it  is  necessarj'  to  add  form- 
aldehyde, as  shown  by  the  next  experiment. 


Experiment  18  a. 

To  study  the  effect  of  adding  formol  to  my  weak  picro-corrosive 
solution  the  two  following  experiments  were  mode.  (The  weak  picro- 
corrosive  solution  consists  of  a  25  per  cent,  sublimate  in  i  per  cent, 
picric  acid.) 


Piav-eomtive 
tolulien. 

Formol. 

ABntmin, 

ProporUm  0/ 
HgCI,  to  OCH,. 
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a-s     :      a 
a-5     :      4 
as     :      8 
a-5     :     ID 
a.5     :     la 
a.5     :     16           1 
a-5     :    ao 

The  immediate  result :  In  A  very  coarse  membranous  flocculi  were 
formed,  which  after  being  broken  up  by  three  additional  shakings 
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settled   quickly.      In   B  the   membi-uuous   flocculi   were   distinctly 
smaller  tlian  in  A  and  settled  less  quickly  after  being  broken  up.i 
C  compared  with  B  us,  did  B  with  A.     From  D  to  G  the  precipitatetj 
gradii.'dly  became  finer  and  finer  till  in  6r  it  almost  resembled  thai 
milky  appearance  shown  by  H. 

II  contained  the  finest  coagulum  and  therefore  seemed  to  reflect 
more  white  light,  quite  apart  from  the  formalin-albumin  coagulum 
being  white  itself  (see  Exp,  4,  p,  106), 

D  corresponds  to  my  picro-corrosive  formaldehyde  mixture,  and 
the  retarding  influence  exerted  by  formol  sis  regards  overcoagulation 
is  proved  by  the  sediment  in  D  occupying  twice  the  bulk  of  that 
seen  in  A. 

After  three  days  the  picric  neid  seems  to  overcome  the  form- 
aldehyde effect,  if  the  latter,  by  becoming  partly  converted  into  formic 
acid,  itself  does  not  lead  to  a  disintegration  of  the  coagulum  which  was 
formed  primarily.  To  me  the  coagulum  in  F^  G,  IIj  seemed  to  have 
become  more  truuspai'ent  and  less  bulky,  quite  apart  from  the 
settling. 

It  is  best  therefore  not  to  fix  for  more  than  48  hours  in  the  picro- 
corrosive  formaldehyde  mixture. 


EXPERIHENT    18  b. 

Instead  of  keeping,  in  the  next  experiment,  the  picro-corroail 
mixture  a  constant  factor,  the  piero-corrosive  and  the  formol 
mixed  in  inverse  proportions, 

A  B       CDEFaniK 

Ficro  corrosire        .10  987654321 

Formol    ...       —  123456789 

Albumm          .        .         i  i         i         i         i         i         i         i         i         t 

In  this  experiment  only  a  single  vigorous  shake  was  resorted  to, 
by  moving  the  aim  once  rapidly  up  and  down.  The  si)ecific  gravity 
of  albumin  lies  between  C  and  D,  In  ji  to  J^  after  two  hours  the 
following  changes  were  seen  :  If  the  amount  of  sediment  in  A  as 
regai'ds  bulk  is  expressed  by  2,  then  in  B  and  C  it  was  3,  in  D  it  was 
4,  in  E  it  was  5,  while  F  showed  only  a  trace  of  a  clear  supernatant , 
fluid. 

In  G  after  the  first  shake  a  cohesiveness  of  the  coagulum  made 
itself  felt  and  after  two  houre  the  precipitate  commenced  to  settle. 
In  //  after  the  first  shake  an  increase  in  the  cohesiveness  as  com- 
pared to  G  manifested  itself.  The  coagulum  was  milky  and  homo-' 
geneous.  After  two  hours  the  precipitate  had  not  commenced 
settling,  and  the  test-tube  could  be  inverted  without  the  coagulum 
moving,  but  a  few  drops  of  a  yellow  fluid  oozed  out.  /  showed  still 
greater  increase  in  the  cohesiveness,  as  the  test-tube  after  two  hours 
could  be  inverted  without  any  contents  flowing  out.  K  exhibited 
after  the  first  shake  the  same  milky  api>earance  jia  i/,  but  was  whiter, 
and  the  test-tube  could  be  inverted  without  the  contents  flowing  out. 
In  L  within  2|  seconds  after  the  first  shake  a  milky  jelly  was  formed,  ^ 
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but  of  a  greater  consistency  Uian  niilL   After  two  hours  the  test-tube 
eoukl  he  inverted  without  the  contents  fluwing  out 

After  24  houra  :  In  the  tubes  A  to  D  a  clear  supernatant  layer  was 
seen,  and  the  precipitated  albumin,  which  occupied  the  least  bulk  in 
A  and  the  largest  in  Z),  showed  how  the  addition  of  formol  prevents 
the  precipitation  of  all)umin  in  a  dense  form.  £as  compared  to  D 
showed  in  the  up|>er  clear  layer  several  large  floccular  maisses  which 
had  not  settled.  In  jPa  narrow  but  distinct  clear  layer  was  S(»en, 
while  on  inverting  G  two  clear  drops  and  from  II  only  a  single  drop 
exuded.  Even  after  three  days  not  a  single  drop  was  obtained  from 
/  on  inverting  the  test-tube,  care  having  heen  taken,  of  course,  to 
prevent  evaporation,  K  and  L  resembled  /  in  forming  a  finn  jelly  ; 
the  smalt  amount  of  the  picro-corrosive  in  K  did  not  visibly  inter- 
fere with  the  forniol. 

EXFERLMSKT    10. 

To  determine  differences  produced  by  an  increase  in  the  conoentra* 
lion  of  precipitable  material. 

A  S 

Pioro-c!orro«ive .         «         .  lo  lo 

Forniol      ....  a  a 

Albumin    ....  i  a 

Within  half  an  hour  the  ai;pernatant  turbid  part  in  A  aa  compared 
with  B  wiis  as  12  to  i,  showing  tliat  the  rate  at  which  a  sediment 
settles  with  the  different  fixatives  is  determined  by  tho  amount  of 
coagulable  material  present  to  begin  with,  or,  to  put  it  dilTereiitly, 
that  the  same  fixative  will  cause  a  much  greater  apparent  shrinkage 
in  cells  which  are  poor  in  proteids.  This  necessit^ites  diluting  the 
fixing  fluid  according  to  the  needs  of  the  special  tissue  to  be  investi- 
gated. 

After  three  daj's  tlie  amount  of  sediment  in  A  was  about  one-third 
the  bulk  of  that  seen  in  B. 

To  make  a  microscopical  investigation  of  the  coagula  and  precipi- 
tates formed  in  these  experiments  1  considered  useless,  as  everything 
depends  on  tlie  ease  and  quickness  with  which  the  fixative  and  the 
coagulable  material  are  mixed.  Definite  experiments  bearing  on  the 
microscopical  effect  produced  by  fixatives  are  given  in  the  following 
chapter. 


CHAPTER  VII. 

The  Micfiosc'OPicAi^  Puknojuna  of  Physical  Coaoulatioit 
AND  Chkmical  PbFX'IPITATION. 


k 


A.     Physical  Coagulation. 

SoLUTioKB  and  suspensions  of  such  bodies  as  silicic  acid,  cupric 
hydrate,  agar,  gelatin,  and  white  of  egg,  have  the  power  of  passing 
under  certain  conditions  into  the  firm  state  of  jellies,  which  on 
theoretical  grounds  the  physicist  van  Bemmeleu  (see  p.  35)  believes 
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to  be  arranged  in  the  form  of  &  framework  holding  the  water  in  its 
meshes,  a  view  shown  to  be  correct  by  the  microscopical  investigations 
of  Butschl)  and  Hardy. 

Bdtschli  in  his  last  paper  ^  expresses  an  opinion  on  the  structure  of 
protoplasm  and  on  some  of  his  critics.  He  complains,  and  rightly, 
that  many  histologists  are  not  in  any  way  affected  by  the  simplest 
physical  considerations,  for  how  could  they  otherwise  mention,  in 
aupjKjrt  of  the  view  that  protoplasm  is  not  a  fluid,  the  fact  that 
protoplasm  can  'stream  up  a  mountain,'  which  no  water  does 
(Fiemming)?  Bdtschli  as  tlie  result  of  careful  observations  of  both 
living  and  dead  cells  and  other  colloids  maintains  the  existence  of 
a  fdamlike  arrangement  Hardy's  careful  work'  is  given  in  the 
following  pages. 

^Vheneve^  a  colloid  separates  out,  an  insoluble  network  with 
nodal  swellings  or  a  honeycombed  structure  is  formed,  the  meshes 
or  cavities  of  which  contain  the  original  solvent  of  the  colloid  in 
a  fluid  state  (Hardy). 

To  demonstrate  physical  coagulation  microscopically  Hardy  gives 
the  following  directions : 

1.  Render  egg-white  insoluble  by  William  Roberts'  method  (p.  38), 
which  consists  in  diluting  white  of  egg  with  eight  times  its  bulk  of 
water,  filtering  the  mixture  and  boiling  it,  and  subsequently  dialysing 
it,  when  a  ujiLxture  will  be  obtained  in  which  the  proteid  is  in 
a  fine  state  of  suspension,  called  desolution  by  Minchen. 

2.  So.ik  a  piece  of  thin  silk  thread  in  2  per  cent,  calcium  chloride 
solution  ;  lay  the  thread  on  a  slide  and  place  over  it  a  cover-glass. 

3.  Allow  some  of  tho  boiled  egg-solution  to  fill  the  space  under 
the  cover-glass,  and  watch  the  effect  under  a  magnification  of  500 
diameters. 

A  fine  cloud  will  be  seen  surrounding  the  silk  thread,  and  soon  the 
particles  in  it  grow  to  0-75  or  i/*  in  size.  Subsequently  these  aggi'e- 
gate  into  threads,  which  join  to  form  an  open  network  with  regular 
polygonal  meshes,  the  diagonals  of  which  measure  about  6/i.  This 
stage  is  one  of  unequal  equilibrium,  because  the  net  soon  shrinks, 
tho  granules  slnft  their  position,  and  thus  the  typical  network  with 
nodal  points  is  formed. 

Soliil  particles  in  colloidal  solutions,  such  as  various  grades  of  finely 
divided  carniin  in  egg-solution,  are  found  after  fixation  to  occupy  the 
nodal  points  of  the  framework,  and,  if  they  are  large,  also  to  consider- 
ably increase  the  size  of  the  mesh.  Such  insoluble  granules  are 
comparable  to  those  of  the  pancreas  and  the  coarsely  granular 
leucocytes  of  tho  frog,  and  they  do  not  belong  to  that  class  of 
granules  found,  for  example,  in  mucous  glands  which  swell  up  i*n 
coming  in  contact  with  water. 

Culd  aels  on  soluble  jellies  by  producing  the  structural  features  of 
an  'insoluble' jelly  at  temperatures  which  vary  with  the  nature  of  the 
colloid.  Thus  a  i^  jier  cent,  watery  gelatin  jelly  shows  no  change 
until  the  temperature  has  been  lowered  to  i'  C,  when  raintite  droplets 
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measuring  o-5/t  in  diameter  are  formed,  which  at  —  i"  C.  enlarge  till 
»  honeycomb  or  spongelike  appearance  is  given  to  the  jelly.  Lowering 
the  temperature  still  more  causes  the  water  in  the  spaces  to  crystallize 
out.  Tiie  critical  t©mi>erature  for  i^  per  cent,  gelatin  is  thus  i  to 
— 1*^0., while  for  2  per  cent,  agar  it  is  —^'^0.  Rapid  cooling,  produced 
by  placing  a  drop  of  1-5  per  cent,  of  gelatin,  previously  heated  to  90°  C, 
on  a  slide  cooled  to  —  15'^C.,  eliminates  the  droplet -stage  altogether, 
there  being  formed  at  once  a  trabecular  arrangemeut,  which  starting 
at  the  periphery  of  the  drop  projects  into  the  still  fluid  central 
portion.  * 

Stress  and  Shear  Effects. 

To  study  the  changes  produced  in  colloids  hy  the  action  of  stress 
and  shear,  Hardy  proceeds  thus  :— Films  of  egg-albumin  are  stretched 
across  a  ring  of  cork  ;  then  a  tiny  drop  of  mercury  is  rolled  on  the 
Him  and  the  latter  is  fixed  in  sublimate  ; — or  colloids  are  poured  over 
a  drop  of  mercury  un  the  slide  and  fixed  at  once ; — or  a  colloidal 
solution  is  tlrawii  along  the  slide  with  a  pointed  instrument  and  then 
quickly  coagulated  (1.  c  187,  188). 

In  the  last  case,  tlie  effect  produced  by  the  shear  is  an  internal 
heterogeneity  which  lasts,  for  some  time  because  the  viscous  nature 
of  the  colloid  prevents  a  quick  recovery  towards  a  stable  eqiiilibrium. 
As  long  as  such  an  internal  heterogeneity  persists,  singly  refractile 
substances  become  doubly  refractile,  owing  to  a  reammgement  of  the 
molecules  in  a  definite  linear  pattern,  as  first  shown  by  BUtschli*. 

The  bearing  of  tlib  on  histologieal  research  is  im|X)rtant,  because 
an  originally  homogeneous  plasm,  when  it  is  subjected  to  stress  of  any 
kind,  may  give  rise  to  apparently  two  distinct  substances,  although 
there  exist  only  one.  It  follows,  if  it  were  not  for  other  evidence, 
that  the  spindle  of  a  karyokinetic  figure  might  be  simply  'a  coarse 
iliagram  of  a  dynamic  phase  of  the  cell  history'.' 

Ilomogcneitif  of  Thin  Films. 

The  last  point  referred  to  by  Hardy  is  the  optical  homogeneity  of 
Very  thin  films  after  fixation,  a  phenomenon  'probably  related  to  the 
iiact  that  when  colloidal  mixtures  separate  to  form  conjugates  a  thin 
layer  next  the  surface  remains  homogeneous.'  If  one  corner  of 
two  cover-glasses,  held  in  a  pair  of  forceps,  is  dipped  into  a  solution 
of  white  of  egg.  then  the  latter  by  capillaiy  attraction  is  sucked  in 
between  the  cover-glasses,  and  if  these  be  held,  at  once,  for  a  moment 
in  a  steam  jet,  the  albumin  will  be  coagulated  while  still  moving. 
Such  a  preparation  stained  in  diverse  ways  and  examined  in  media 
with  different  refractive  indices  will  always  appear  at  its  edge  homo- 
geneous and  unstained,  but  where  the  film  is  thicker  a  network  with 
nodal  swellings  and  stained  deeply  is  to  be  made  out.  Histologically 
this  again  is  important,  Iwcause  of  it«  l>earing  on  the  question  whether 
a  hyaline  oxoplasm,  as  distingu  Lshed  from  a  granular  endoplasm,  really 
exists  in  leucocytes  and  amoebae. 

In  connexion  with  the  study  of  effects  produced  by  reagents  we 
'  fiatachli  :  Umttn.  0.  miknah,  jfcMwiiw  %,  d,  Prvtoytoma,  Leipng,  1692. 
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must  refer  to  a  macro-cbemical  method,  destined  before  long  to  play  an 
important  jmrt  iii  micro-clieiiiiiitry,  namely,  the  method  of  preparing 
*proteids'  in  crystallirif  form. 

Method  ofprtpar'mg  Pure  Albumin  Crtfstah. 

Hofmeister  (1891)  was  the  first  to  obtain  egg-albumin  in  a  crystalline 
form,  but  hia  original  method  is  not  so  simple  as  its  modification  by 
Hopkins  and  Pincus,  ami  therefore  I  give  tlie  latter  according  to  the 
most  recent  account  by  Hopkins  {Jouiit,  ofPhf/sioL  25,  306  (1900)  ). 

Procure  newly-laid  eggs  and  collect  the  egg-white.  Measure  it 
carefully,  and  add  exactly  the  same  amount  of  a  saturated  ammonium 
sulphate  solution.  Beat  the  two  together  till  the  whole  mass  forms 
a  stiflF  froth,  and  let  it  stand  overnight. 

Filter  off  the  precipitated  globulins  and  mucoidSj  and  to  the  clear 
filtrate  add  very  gradually,  under  constant  stimng,  a  solution  of 
10  per  cent  glacial  acetic  acid  till  a  slightly  milky  permanent  pre- 
cipitate is  formed.  To  litmus  paper  the  mixture  will  by  this  time  h 
slightly  acid.  Now  add  to  each  100  cc.  of  tiiis  milky  mixture  1  cc 
of  the  10  per  cent,  glacial  acetic  acid,  when  a  bulky  amorphou 
precipitate  is  formed  which  in  the  course  of  five  hours  will  become 
crystalline.  To  obtain  the  full  yield  of  ciystals  (at  least  60  grma. 
per  litre),  let  the  mixture  stand  till  the  next  day. 

Pure  crystals  are  got  thus  :  Filter  off  the  precipitate  and  wash  it 
in  three  changes  of  a  half-saturated  solution  of  ammonium  sulphate 
containing  i  per  1 000  of  glacial  acetic  acid.  Dissolve  the  crystals  in 
a  minimal  quantity  of  water  ;  add  very  slowly,  stirring  gently  all  the 
while,  a  saturated  solution  of  ammonium  sulphate  till  a  distinct 
precipitate  is  formed.  Then  add,  in  addition,  for  each  litre  of  the 
solution  2  cc  of  the  saturated  ammonium  sul2>hate  solution.  As  a 
rule  in  twenty-four  hours  the  albumin  will  have  recry stall izetl.  Should 
the  crystals,  however,  not  form  readily,  agitate  the  vessel  containing 
the  solution  gently,  but  do  not  shake  violently,  as  mechmitcal  coagu- 
lation (see  p.  50)  is  ajit  to  occur. 

To  remove  the  ammonium  sulphate  wash  the  crystals  repeatedly 
with  a  completely  saturated  solution  of  pure  sodium  chloride  contaiuing 
I  per  cent,  acetic  acid. 

For  histological  purposes  the  crystals  may  be  obtained  in  a  per- 
manent form  by  one  of  the  two  following  methods  I  devised : 
(i)  While  the  crystals  are  in  the  half-saturated  ammonium  sulphate 
solution  they  may  be  pipetted  off  and  allowed  to  fall  into  a  siiturated 
watery  solution  of  corrosive  sublimate.  They  will  thus  l>e  converted 
into  the  insoluble  egg-albuminate  of  nieremy.  After  fixation  they 
may  be  freely  washed  in  alcohol,  or  ether  and  water,  or  water,  to 
remove  the  free  sublimate.  (2)  The  other  method  consists  in  allowing 
the  half-saturatetl  ammonium  sulphato  solution  to  become  quite 
saturated  by  spontaneous  evaporation,  or  by  substituting  for  it  a 
saturated  solution.  Then  boil  the  crj'stals  in  this  solution  for  five 
minutes.  The  rise  of  temperature  will  render  the  ammonium  sulidiate 
un8atm"att-d,  and  the  available  water  will  coagulate  the  crystals  with- 
out distorting  their  shape.     The  crystals,  coagulated  in  this  manner, 
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nre  then  fi-eed  from  the  salt  by  boiling  in  at  least  ten  changes  of 
distilled  water.     They  may  be  kept  indefinitely  in  absolute  alcohol. 

According  to  Artlmr  Wichmann  \  however,  Hofmeister  was  the 
first  to  render  the  crystals  insoluble  by  coai^ulating  them  with 
alcohol,  and  GQrber  previously  to  myself  had  employed  the  method 
of  coagulating  the  crystals  by  heating  them  in  the  mother  liquor'. 

B.  ChomicaJ  Precipitation. 

To  study  the  eflFects  pro<lueed  by  different  fixatives  on  solutions  of 
cliemicaJly  pure  substances,  Alfred  I'isclier  employs  two  methods. 
The  first  consists  in  mixing  the  fixing  solution  and  the  'proteid  '  in 
little  flanks  or  Petri -capsules,  as  used  by  bacteriologists ;  allowing  tlie 
precipit/»t€  to  settle  during  twenty  to  twenty-four  hours  ;  removing 
the  fixative  by  washing,  and  finally  making  cover-glass  preparations 
of  thtj  precipitate  for  subsequent  staining. 

His  second  method  is  to  impregnate  small  pieces  of  elder-pith 
under  the  air-pump  with  the  *  proteid.'  and  then  to  treat  the  pith  as 
if  it  were  a  tissue.  In  repeating  Fischer  a  experiments  I  used  a  slido 
and  a  test-tube  method. 

The  Slide  Method. 

For  examining  the  behaviour  of  fixatives  towards  'proteids,*  I 
originally  niount*'d  pi-oteid  sohitions  under  the  cover-glass,  then 
placed  a  drop  of  fixntive  on  one  aide  of  the  cover-glass  and  con- 
nected the  fixing  solution  and  the  *proteid,'  but  now  I  use  threads 
soaked  in  the  fixative  according  to  Hardy's  method,  who  uses  silk 
thread&  I  proceetl  as  follows :  -  Pieces  of  cotton-thread  about  five 
inches  long  are  laid  across  a  watch-glass,  into  which  the  fixative  is 
l>oured,  and  the  centre  of  each  thread  is  thoroughly  soaketi  in  the 
reagent.  After  ten  minutes,  one  thread  is  chosen  and  phiced  along  the 
centre  of  a  slide,  great  care  being  taken  not  to  let  the  fixative  come 
in  contact  with  any  part  of  the  slide  except  along  the  line  of  the 
thread.  A  thin  mica  cover-glass  (2  x  3cm.)  is  laid  on  the  thread  ;  the 
latter  is  brought  into  focus  under  a  magnification  of  500  diameters, 
and  now  the  '  j>roteid  '  to  be  teaied  is  placed  by  means  of  a  glass  pipette 
on  the  right  side  uf  the  cover-glass  close  to  one  corner,  when  by  diffu- 
sion it  will  spread  along  the  thread.  A  mica  instead  of  a  glass  cover 
is  chosen  because  the  former,  being  more  pliable  and  also  lighter, 
ofFere  leas  resistance  to  the  inflow  of  the  viscous  'proteid '  solutions. 

The  Test-tube  Method. 

The  other  method  depends  on  the  use  of  narrow  test-tubes  for 
mixing  the  fixative  with  the  'proteid.'  Tliis  has  the  advantage  of 
allowing  the  two  to  act  slowly  or  quickly  on  one  another  by  either 
pouring  the  fixing  solution  into  the  proteid  or  vice  versa,  according 
to  their  respective  specific  gravities,  and  also  by  either  shaking  the 

'  Widhmann  :   '  Obor  d.  KryaUJlfomMn  d.  Albumine,'  Zeitach./.  pAytM.  (^tm. 

27.  515  (•  899*. 

*  Wichmann,  employing  these  orystala  for  oxpeHments  in  staining  reactions, 
arrived  at  the  conduaion  that  all  staining  is  int«rmolecular,  but  tliis  qoeation 
is  fully  diacuaaed  later  in  the  chapter  on  the  theory  of  staining. 
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test'tube  or  keeping  it  quieL     It  is  easy  in  this  manner  to  produce 
membranous  precipitates,  to  which  reference  will  be  made  later  on. 

Fischer  classifies  the  precipitates  formed  by  reagents  under  two 
headings.  He  considers  that  substances  such  as  albumins,  globulins, 
and  nucleo-albumins,  l>ecause  of  theii-  more  colloidal  and  therefor© 
less  crystalline  nature,  are  thrown  down  in  the  fonn  of  exceedingly 
minute  particles,  which  are  all  of  the  same  size  and  which  he  terms 
*gIobulite9/  These  elements  are  grouped  together  to  form  either 
Solid  masses  or  membranes  or  trabeculae. 

On  the  other  hand,  the  less  colloidal,  more  crystalline  and  therefore 
more  diflfusible  bodies,  namely  the  peptones,  albumoses,  haemoglobin 
and  nucleic  acid,  are  pt-ecipitated  as  isolated  sphaero-ciystals  or 
granules.  These  may  differ  in  size,  and  may  remain  single  or  be- 
come arranged  in  paii-s,  in  abort  chains,  or  even  appear  like  growing 
yeast  (Fischer). 

For  purposes  of  description,  I  propose  to  distinguish  these  two 
varieties  as  'grumous  ' '  and  'granular.' 

This  division  into  two  groups  made  by  Fischer  is,  however,  a. 
purely  artificial  one,  for  the  grumous  and  granular  chiuncters  ai 
not  primarily  inherent  in  the  different  classes  of 'proteid/ but  araj 
only  induced  by  the  fixing  reagents.      Whether  a  grumous  or 
granular  precipitate  is  formed,  depends  primarily  on  the  nature  and^ 
strength  of  the  fixative,  and  only  secondarily  on  the  nature,  reaction, 
and  concentration  of  the  *proteid.' 

We  hove  aeen  how  easy  it  is  to  obtain  albumin  crystals  (p.  124),  and 
Fischer  may  be  right  when  he  speaks  of  granules  as  spbaero-crystals, 
although  their  crystalhne  nature  is  not  revealed  by  the  microscope. 

Experiments  with  the  81ide  Method. 

As  examples  of  various  '  proteids,'  the  following  have  been  chosen  : 
amphopeptone,  prepared  by  KQhne's  method  ;  pure  deutero-albumoso 
and  Witte's  peptone,  which  latter  consists  mairdy  of  albumoses  ;  prot- 
albumose,  haemoglobin,  nucleic  acid,  prepared  especially  for  me  by 
Dr.  Ordbier ;  white  of  egg  diluted  with  three  times  its  bulk  of  water, 
and  egg-albumin  crystals  (prepared  by  Hopkins'  method,  free  from 
ammonium  sulphate  (p.  124))  dissolved  in  a  minimum  of  watpr,  and 
this  stock  solution  diluted  so  as  to  form  a  10  per  cent,  solution. 

I.  Peptone  is  thrown  down  most  efficiently  by  7  per  cent, 
sublimate,  in  the  form  of  a  fine  grumous  precipitate  with  a  fe\rj 
scattered  larger  granules.  The  double  salt  of  suljlimate  and  pot.as- 
sium  bichromate  (p.  76)  produces  glassy  homogeneous  membranes 
and  minute  granules  only  slightly  aggregated.  Subhmat*  and  osmium 
tetroxide,  in  combination,  produce  a  less  copious  precipitate  than  does 
sublimate  in  a  saturated  solution,  the  peptone  being  thrown  down 
as  a  fine  grumous  structure  with  some  minute  and  small  granules 
interspersed.  Piero-corrosive  and  picro-corrosive-formaldehyde  form 
small  granules,  with  a  few  larger  oues  intersp>ersed  and  with  but  little 
tendency  to  aggregate.  Picro-corrosive  containing  5  per  cent,  formic 
acid  effects  a  decided  aggregation  of  the  isolated  granules.  Alt- 
^  Grumouii  u  an  old  Euglieli  term  for  clotted. 
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mann's  nibctare  shows  small,  gnarled,  gr&nular  fragments  intermixed 
with  large  and  small  well-formed  granules.  The  latter,  however, 
farm  the  chief  hulk  of  the  precipitate  ol»tained  with  platinum  chloride, 
Hermann's  solution,  and  osmium.  Flemming'a  solution  not  only 
docs  not  precipitate,  but  actually  di^ftolvea  solid  peptone.  If  a 
solution  of  the  latter  has  been  precipitated  by  either  picric  acid  or 
sublimate,  the  addition  of  a  sullicient  quantity  of  Flemming's  solution 
rediMolves  the  precipitate. 

3.  Deutero-albumose  (Witte's  peptone)  is  of  all  the  'proteids'  the 
most  difficult  to  fix.  As  it  is  important  for  micro-physiological  re- 
search to  know  how  it  behaves  towards  different  reagents,  1  give  a 
somewhat  full  account  of  the  phenomena  to  be  observed  on  bringing 
a  filtered  lo  per  cent,  solution  of  albumose  into  contact  with  the 
ordinary  fixatives, 

(a)  Picric  acid  in  a  saturated  watery  solution.  The  immediate 
effect  close  to  the  cotton  thread  consists  in  the  precipitation  of  the 
albumose  in  very  minute  granules,  which  are  carried  a  little  distance 
away  from  the  thread  as  the  fixative  diffuses  into  the  solution.  Each 
grantile  at  first  is  separate  and  shows  considerable  Brownian  move- 
ment. On  shifting  the  slide  till  the  granular  precipitate  is  just 
visible  (2-3  mm.  distance  from  the  thread),  careful  examination  of 
the  still  clear  albumose  solution  reveals  the  sudden  appearance  of 
isolated  granules,  the  distance  between  individuiU  granules  being 
twenty  to  thirty  times  thtjir  own  diameter.  As  the  solution  was 
vigorously  boded  and  filtered  before  use,  it  is  difficult  to  understand 
why  the  granules  are  not  formed  close  together,  except  on  the  theory 
that  certain  albumose  molecules  have  a  greater  affinity  for  the  picric 
acid,  and  that  they  form  the  nucleus  round  which  other  molfcules 
aggregate — or  that  an  aggregation  of  ions  is  brought  about  by  elec- 
trical charges  (see  p.  53). 

After  two  to  three  minutes,  the  originally  small  granules,  close  to 
the  thread,  have  gi^own  into  three  or  four  times  their  first  diameter, 
and  many  are  seen  to  be  joined  in  pairs.  These  granules  are  either 
of  the  same  swe,  or  one  is  much  bigger  than  the  other. 

After  five  to  ten  minutes,  the  picric  acid  solution  will  have  become 
much  weakened  by  diffusion,  and  now  the  granules  coaleace  or  fuse 
together  till  large  homogeneous  masses  result,  containing  vacuoles 
in  their  interior.  Thus  the  jelly  stage  is  reached,  which  is  a  pre- 
liminary to  complete  solution.  To  see  the  large  aggregations  dissolve 
readily,  a  little  albumose  solution  may  be  added  to  weaken  the  action 
of  the  fixative  still  more. 

(6)  Picro-coiTosive.  Close  to  the  thread  a  fine  grumous  appearance 
is  seen,  but  the  individual  granules  soon  aggregate  into  a  meshwork. 
In  the  next  zone,  isolated  granules  with  Brownian  movement  soon 
grow,  and  these  may  coalesce  into  structures  like  di[)lococci  or  short 
diplobaeilli.  The  further  away  from  the  thread  the  larger  do  the 
granules  become,  till  they  reach  about  ten  times  the  diameter  of 

L|hoae  close  to  the  thread.  At  the  periphery  gnarled  masses  are 
formed  by  the  coalescence  of  the  large  granules ;  it  is,  however,  rare 
to  see  vacuoles  in  their  interior.     The  difference  between  the  appear* 


128      PHENOMENA  OF  CHEMICAL  PRECIPITATION 

ance  close  to  tlie  thread  and  nt  the  poripheiy  is  to  be  accounted  for 
by  the  quicker  diffusion  of  the  picric  acid  component  and  by  its 
Biniuk»neous  dilution. 

(c)  Picro-corrosive-formaldehyde  (see  p.  97).  The  immediate  effect 
is  a  grumous  precipitate,  which  rapidly  becomes  arranged  to  form 
a  coarse  net  of  granules,  the  individual  particles  lj€ing  slightly  larger 
than  tlioj^e  ol>tained  with  picro-coiTosive.  Quite  at  the  periphery, 
the  granules,  which  have  been  gradually  increasing  in  size,  fuse  to 
form  large  lobed  masses,  enclosing  vacuoles  of  all  sizes.  This  effect 
is  produced  by  the  formaldehyde  diffusing  more  rapidly  than  the 
other  ingredients  and  inducing  a  primary  jelly-like  coagulation, 
which  later  is  partly  fixed  by  the  advent  of  the  picric  acid  and  sub- 
limate. After  ten  minutes  the  granules  close  to  the  thread  have 
fused  into  homogeneous  masses  because  the  fixative  has  become 
weakened  by  diffusion, 

{d)  Formaldehyde  {commercial).  At  first  minute  granules  are  seen, 
with  distinct  Brownian  movement  and  with  no  tendency  to  unite : 
but  these  grow,  and  sooner  or  later  unite  with  their  neighbours  to 
form  long  chains,  which  in  their  turn  by  fusion  produce  a  coarse 
spongework ;  but,  curiously  enough,  the  individual  granules  still 
possess  slight  Brownian  movement. 

(<?)  Corrosive  sublimate  (saturated  watery  solution).  The  primary 
effect  is  a  grumous  deposit,  with  a  slight  tendency  towards  membrane- 
formation.  Then  sharply  defined  granules  appear.  Further  away 
from  the  thread  the  granules  boconie  larger  and  larger,  till  there  is 
reached  a  zone,  occupied  by  a  distinct  jelly  with  vacuoles.  This  is 
again  the  preliminary  stage  towards  solution,  for  it  must  be  remem- 
bered that  all  albumins,  albumoses  and  peptones  precipitated  by 
sublimate  are  soluble  in  an  excess  of  the  '  proteid.* 

When  the  meshwork  close  to  the  threa<l  is  l>eing  acted  upon  by 
the  surrounding  albumose  solution,  the  finer  meshes  coalesce  and 
gradually  a  trabecular  arrangement  results,  which  has  a  great  re- 
semblance to  the  pith  of  the  bullrush.  The  originally  grumoua 
aspect  has  disappeared,  each  trabecula  being  a  perfectly  transparent 
strand  of  jelly. 

(/)  Mercuric  nitrate,  10  per  cent.,  is  of  all  the  reagents  the  most 
energetic  in  its  action.  The  initiid  granules  in  the  grumous  pre- 
cipitate are  exceedingly  small.  The  albumose  solution,  passing  by 
diflFtision  iinder  the  mica  cover,  is  fixed  at  once,  and  thus  membranes 
are  formed  similar  to  those  seen  in  test-tube  experiments,  although 
not  so  perfect.  Such  a  membrane  shows  the  granules  arranged  so 
closely  that  an  aperture  is  nowhere  to  be  seen.  Halfway  Ijetween  the 
centre  and  the  periphery  of  the  preparation  the  individual  granules 
become  larger  and  are  aggregated  into  clusters  and  tnibeculae.  Quite 
at  the  periphery  a  homogeneous  jelly,  with  vacuoles,  ia  formed  as  in 
the  sublimate  experiments,  and  for  the  same  reason. 

ig)  Osmium  tetroxide,  2  per  cent.  The  immediate  effect  is  the 
formation  of  granules,  as  minute  as  those  obtained  with  mercuric 
nitrate,  but  they  have  only  a  slight  tendency  to  unite.  Brownian 
movement  is  more  marked  than  with  any  other  reagent.     After  two 
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to  three  miniitea  some  of  the  granules  start  joining  into  threads,  and 
after  five  miniitea  a  coarse  reticulum  is  formed  close  to  the  tliread, 
while  at  the  periphery  the  minute  granules  continue  their  Brownian 
movement.  This  aggi-egation  of  albumose  molecules  into  larger 
particles  is  no  criterion  as  to  the  action  of  osmium  tetroxide  on 
albumin  molecules,  as  the  latter  are  arranged  in  a  definite  manner  in 
the  cell,  and  as  they  cohere  to  one  another,  owing  to  their  viscosity 
l)eing  greater  than  that  of  albumose  molecules. 

(A)  Flemming's  strong  solution.  Tlie  immediate  effect  is  the  pro- 
duction of  very  minute  granules,  with  lively  Brownian  movement. 
After  five  minutes  the  granules  have  increased  to  twice  their  original 
diameter,  and  form  chains.  These  unite  in  places  to  form  a  very 
loose  spongy  framework.  Even  after  thirty  minutes  no  large  granules 
similar  to  those  in  the  test-tube  experiments  can  be  made  out,  because 
the  futative  and  the  albumose  are  used  in  relatively  small  amounts. 

Experiments  with  the  Test-tube  Method. 


I.  Albumose.     Test-tube  experiments  made  with   10  per  cent. 

Witte's  j>eptone  (25  cm.)  and  fixatives  (75  cm.)  agreed  on  the  whole 
with  tho  slide  experiments.  In  all  te8t-tul>e8  after  twenty-four  hours, 
in  addition  to  the  precipitate  which  had  sunk  to  the  bottom  or  which 
vroH  adhering  to  the  sides^  some  iJburaose  was  seen  in  suspension. 
A  granular  deposit  was  obtainetl  with  i  per  cent,  solutions  of  chromic 
acid,  platinum  chloride,  osmium  tetroxide,  the  fluids  of  Flemming 
and  Hermann,  picro-corrosiveand  picrcKiorrosive-formaldehyde.  With 
the  four  last  fluids  the  average  smallest  granules  are  formed  with  picro- 
corrosive-formaldehyde,  while  the  largest  result  from  Flemming's 
solution.  All  these  solutions  allow  some  of  the  granules  to  fuse 
together  into  large  homogeneous  aggregates. 

To  overcome  this  tendency,  experiments  were  made  by  adding 
absolute  alcohol  to  the  pi cro- corrosive,  in  such  quantities  as  to  give 
25^  50  and  75  ]>er  cent,  alcoholic  solutions,  and  also  by  using  a  25 
per  cent,  solution  of  sublimate  in  absolute  alcohol,  which  was  then 
saturated  with  picric  acid.  In  one  set  of  experiments  the  albumose 
solution  was  poured  into  the  fixative,  in  the  other  this  order  was 
reverae<l.  The  result  was  the  formation  of  a  few  granules,  while  the 
main  bulk  of  the  albumose  ap[w>ared  as  large  spheres,  strands,  and 
irregular  masses,  which  are  best  likened  to  coke.  The  masses  were  full 
of  cavities,  varying  in  size  from  pin-points  to  that  of  a  human  red 
corpuscle  when  both  were  magnified  500  times.  Afterthought  told 
me  that  I  might  have  expected  this  on  the  ground  of  the  following 
observation,  which  I  had  made  pi-eviously. 

If  alVjumose  is  precipitated  by  alcohol,  and  the  precipitate  with 

some  alcohol  is  placed  on  a  slide,  covered  and  examined  under  a  mag^ 

nificatioa  of  500  diameters,  fine  granules  are  seen  clustered  together. 

While  observing,  allow  some  water   to   diffuse   under   the   cover- 

^    glaafl.     The  precipitate  will  suddenly  appear  to  l>oil,  small  cavities 

■  run  together  to  form  bigger  ones,  and  there  results  the  formation  of 

■  a  jelly  enclosing  vacuoles,  or,  if  the  action  be  quicker,  a  fleeting  foam* 
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like  arrangemeixt.  Botli  these  stages  are  soon  followed  by  a  com- 
plete dissolution. 

Wliat  lia]>pen3  on  adding  an  alcoholic  solution  of  a  fixative  to  s 
solution  of  albiimuse,  is  shortly  this :  the  alcohol,  diffusing  more 
q;uickly  than  the  other  reagents,  temporarily  piiecipitatea  the  albu- 
mo&e,  hut  then,  by  further  diffusion,  becomes  weakened.  The 
albuniose  will  therefore  commence  to  pass  through  the  phases  of 
solution,  until  by  the  advent  of  the  piero-etirmsive  it  becomes  fixed. 

The  granular  precipitate  i.if  albuniose  which  is  formed  by  the 
addition  of  Flf'mming's  solution  or  picric  acid,  if  the  latter  be  not  in 
excess,  is  dissolved  on  heating,  but  reappears  on  cooling,  while  the 
slight  precipitate  caused  by  i  per  cent,  osmium  tetroxide  in  a  neutral 
solution  is  greatly  increased  in  amount  on  heating, 

Granular-grumous  precipitates  am  formed  in  test-tubes  by  osmo- 
Bublimate,  bichromate-sublimate,  sublimate  by  itself,  tminin  and 
picric  acid.  Solutions  of  albumose,  if  alkaline,  give  with  neutral 
formaldehyde  a  gruinous,  if  acid,  a  granular  yeast-like  deposit. 

How  the  effect  produced  by  some  of  these  dlffeifnt  reagents  varies 
•with  the  same  solution  is  well  seen  in  Fischer's  table  : 
Fixalttf, 

(i)  Altmann'a  solution   ... 

(2)  Phitinum  chluride,  1  per  cent. 

(3)  HormHnn'a  golutiou ... 

(4)  PotAHsiuin  l)ioliromnt*'f  a|  per  cent.  0-5 -©•7 
(s)  Corrosive  sublimate,  7  per  cent.       .         0.4   i 
(6)  Chioniic  acid,  I  per  cent.          .         .         04-0-S  , 

The  fact  that  the  same  reagent,  for  ft.\ample  Altmann's  fluid,  will 
give  different  results,  according  to  the  percentage  of  albumose  present, 
is  seen  in  unother  table  of  the  same  observer,  (Two  cc.  of  ftlbtl- 
mose  to  one  cc.  of  undiluted  Altmann's  fluid  were  taken.) 

Percentage  of  albumose.  Si:e  of  granules. 

10 1-3  \ 

3 0.7-1-5 

J 0.5-0.7    V  li. 

0-5 0.5-0.7 

01.         .         .         .         .  0-4  I 

This  table  may  serve  to  estimate,  approximately,  tlie  amount  of 
Albumose  in  a  cell,  if  its  presence  has  been  established  by  other 
reagents. 

2.  Prot-albumose,  according  to  Fischer,  is  thrown  down,  in  ad- 
ditiou  to  the  reagents  enumerated  under  deutero-albumose  and  pej>. 
tone,  I'V  pohissinm  ferrocyanide  and  acetic  aci<l  mixtures.  The 
granules  formed  by  the  last  reagent  give  iron  reactions  (p.  290), 
Sublimate,  tannin,  formaldehyde  and  osmo-acetic  acid  mixtures  give 
a  granulnr-grumous  precipitate  ;  thus,  for  example,  with  a  0-5  per 
cent,  sulilimate  solution  the  grannhir,  and  with  a  7  per  cent,  solution 
the  gnimous  character  predominates. 

3.  Haemoglobin  reactions  I  also  cite  from  Fischer's  account, 
because  of  the  occurrence  of  haemoglobin,  apart  from  the  red  cor- 
puscles, in  extravasations  and  in  blood-destroying  organs,  such  aa 
the  liver  and  spleen. 
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Ilxc(«<liiigly  fine  i^^ranules  (almost  grumoiut)  are  seen  if  a  2  per 
cent  watery  or  nontial  suiline  solution  lt«  treated  with  osmium  picric, 
osino-acetjc  and  (^hrrmiir  ncitls,  Flemming's  solution,  sublimate, 
platinum  chloriile,  ami  formaldehyde.  Coarser  granules  are  obtained 
with  nitric  acid  and  nitric  acid  alcohol,  while  verj*  large  granules 
result  frciii)  96  and  100  per  cent,  alcohol  and  2-5  per  cent,  potassium 
bichromate. 

It  is  impi»rt4int  to  notice  that  Mtlller'a  solution  (p.  93)  and 
2,\  per  cent,  potassium  bichromate  do  not  act  similarly.  This  bears 
nut  Burchardt's  researches  (p.  ioo\  and  my  own  exi>erience  with 
regard  to  the  nervous  system,  for  wliich  1  prefer  Mtillers  solution. 

4.  Nucleic  acid  is  precipitated  as  granules  or  gnarled  fragments 
by  chromic  acid.  Flemming's  solution,  i  per  cent,  chloro-plutinous 
acid  (platinum  chloride)  and  Hermann's  mixture.  Willi  Flemming's 
fixative  exceedingly  minute  granides,  very  slightly  elongated  and 
joined  after  the  manner  of  diplobacilli.  are  seen.  The  granules  soon 
become  arranged  into  masses,  which  in  their  turn  aggregate  so  aa  to 
form  A  coarse  spongework  or  larger  granules. 

A  more  or  less  grumous  appearance  is  produced  by  the  following 
reagents:  |i>  osmo-sublimate  forms  absolutely  homogeneous  glassy 
membranes  along  with  a  grumous  precipitate ;  {2)  sublimate  in 
saturatfd  watery  solutions  resemldes  the  previous  reagent,  but  the 
general  arrangement,  in  the  aggregate,  is  coarser,  while  the  mem- 
branes, in  places,  have  a  ground-glass  appearance  ;  (31  picro-coiTosive- 
formaldehyde  coagulates  the  acid  into  a  spongj'  and  membranous 
precipitate,  the  const ituHit  granules  of  which  are  all  of  llie  same 
diameter  and  much  finer  than  the  smallest  produced  by  Flemming's 
solution  ;  (4)  jucro-corrosive,  formaldehyde,  iodine,  alcohol  and  50 
per  cent,  nitric  acid. 

5.  Serum-albumm  is  a  typical  representative  of  the  class  of 
bodies  giving  a  grumous  precipit^ite.  which  is  not  altered  by  the 
nature  of  the  fixative,  the  reaction  of  the  medium  in  which  the 
albumin  is  dissolved,  or  by  its  concentration.  A  2  per  cent,  acid 
solution  of  »erum -album in,  precipitated  by  Altniann's  solution 
(p.  99),  has  the  same  grumous  tnilx<eular  arrangement  as  a  neutral 
a  p«r  cent,  normal  saline  aolutiuti  precipitated  by  i  per  cent,  chloro- 
plaiinous  acid  (platinum  clilorideji. 

£gg>albumin  witir  picro-corrosive-fomialdehyde  gives  a  more 
evenly  ananged  coagulum  than  with  picro-corrosive.  The  tendency 
towards  membrane-formation  is  also  greater  with  the  latter. 

6.  Mixtures  of  deutero-alburaose  and  Berum^globulin  are 
thrown  down,  with  each  constituent  in  that  form  wliich  is  characteristic 

if  the  action  of  chloro-platinous  acid  and  of  the  solutions  of  Hermann 
d  Flemming.  Sublimate  does  not  answer  so  well  for  reasons 
given  under  deutero-albumose  and  i>+'ptone  (p,  126).  Those  fix.itivea 
giving  large  granules,  on  coming  in  contact  with  a  mixture  of  pro- 
teids  are  sup[H)sed  by  Fischer  to  precipitate  in  the  first  instance  (he 
albumins  and  to  affect  the  alburaoseiS  only  secondarily  ;  these,  there' 
fore,  must  aggregate  in  the  meshes  of  the  jdbumin  precipitate,  and 
then,  becoming  more  and  more  concentrated,  cr}'stalliz6  out  after 

xa 
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the  manner  of  sphaero-crystals.  As  it  is,  however,  not  possible  to 
see  the  cr}'stala  in  these  artificial  albumoae  granules,  we  may  be 
simply  dealing  with  an  agglutination  of  the  viscid  particles. 

If  one  comi>area  the  strongly  acid  Flemming's  solution  with  the 
feebly  acid  niixtitre  of  Aitmann,  it  is  easy  to  understand  that  the 
more  acid  solution  will  produce  a  precipitation  of  granules  in  an 
alkaline  solution  of  albumose,  where  Aitmann 's  fixative  will  fail 
altogether  (see  chart,  p.  102). 

For  the  same  reason  a  neutral  or  feebly  acid  fixative  acting  on 
a  living  tissue  with  neutral  reaction  may  fail  to  show  the  presence 
of  granules,  while  a  tissue  in  which  post-mortem  acidity  has 
developed  will  show  very  distinct  granulation  (Fischer). 

The  minimum  percentage  of  albumose  in  a  solution  of  albuniia 
which  will  give  a  distinctly  recognizable  granular  precipitate  may 
be  taken  as  i  per  cent.  (Fischer). 

Hardy,  who  has  studied  the  coagulation  of  colloids  from  the 
physical  point  of  view  (p.  37),  states  that  gelatin  in  the  form  of 
jelly  examined  at  the  ordinary  temperature  does  not  reveal  any 
structure  till  it  has  been  treated  by  one  of  the  common  fixing  reagenta 
such  as  alcohol,  sublimate,  or  formaldehyde.  The  latter,  for  example, 
acting  for  about  16  hours  on  a  15  per  cent,  gelatin  jellyj  produces 
a  typical  network  with  nodal  swellings,  while  sublimate  gives  this 
appearance  only  with  solutions  containing  less  than  five  grams  of 
gelatin  in  100  cc.  of  water,  as  stronger  solutions  Ijecome  honey* 
combed. 

Jellies  behave  towards  a  rise  of  temperature  in  one  of  two  ways : 
they  either  become  soluble,  by  reverting  to  the  fluid  state,  when 
they  are  said  to  l>e  revereible,  or  they  do  not,  and  then  they  are 
known  as  irreversible  or  fixed  (Hardy). 

The  reversion  to  the  fluid  state  is  accompani*'d  by  a  loss  of  the 
netlike  or  honeycomb  arrangement  of  the  colloid  material,  whicl 
latter,  now,  fornix  a  homogeneous  mixture  or  solution  with  it 
solvent  A  typical  example  of  a  reversible  jelly  is  that  of  pui 
gelatin  and  water. 

In  irreversible  jellies  (such  as  gelatin  jelly  which  has  been  cbemi« 
cally  fixed  with  formaldehyde  or  a  silicic  acid  jelly)  heating  causes 
the  colloid  framework  to  shrink,  by  producing  an  aggregation  or 
synaeresis  (Graham)  of  the  insoluble  colloid  particles.  Becaus 
of  this  shrinkage  of  the  solid  constituents  or  'clot/  the  liquid  i>ai 
is  forced  out  to  form  the  *  serum '  (Graham). 

Hardy  also  ex])erimented  with  egg-albumin  in  this  manner  : 
White  of  egg,  beaten  up,  centrifugalized  and  found  to*  contain 
about  13  grams  of  solid  in  100  cc,  was  suspended  in  loojis  of  silk  and 
exposed  to  the  action  of  various  fixatives  ;  after  fixation  it  was  washed 
in  distilled  water  for  about  six  hours,  deiiydnited  by  changes  of 
15,  30,  40,  50,  &e.  per  cent,  spirit,  imbedded  in  parfiflin  from 
cedar-wood  oil  and  cut  into  sections.  How  the  size  of  the  meshes 
varied  with  the  different  fiixativea  may  be  gathered  from  his  table : 
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Fixative,  and  its  time  of  tulitM. 
Ouniuiu  rapriar,  ta  hours 
Steun,  a  momttDt 
PoUmium  kulpfao-cymnatcs 
Potassiam  bichromate,  at  days 
Corroaive  subIiinHt«,  ao  hours  ' 

With  very  low  percentjigeB  of  a  colloid,  instead  of  a  uetlike 
arran(^ment,  a  granular  precipitate  was  obtained. 

Hardy's  results  with  osmium  tetroxide  are  only  to  be  obtained  by 
proceeding  exactly  as  stated  ubove,  for  aflor  fixing  pure  egg-white 
for  two  days  iu  the  vn^Kjur  of  2  per  cent,  osmium,  and  then  trans- 
fennng  the  albumin  diifctly  to  40,  50,  &c..  per  cent,  changes  of  pure 
©ihyl  Jileohol,  no  honeycoinbctl  or  reticular  apj>eiirance  wil!  be  seen. 

The  alteration  produced  by  the  action  of  eleetroljlea  in  the  arrange- 
ment of  the  colloid  molecules,  judging  by  Hardy  a  results,  leads 
to  the  lil>eration  of  fluid  which,  as  a  rule,  can  be  forced  out  of  the 
colloidal  framework  comparatively  easily.  For  example,  a  13  jier 
cent,  watery  pure  gelatin  jelly  withstands,  at  the  ordinary  tem- 
perature, a  pressure  of  400  lb.  to  the  square  inch  without  parting 
with  its  water ;  but  after  having  been  treated  with  formaldehyde 
(containing  free  formic  acid),  it  can  have  its  water  removed  by  hand 
pressure). 


CHAPTER  Vni. 
Guide  to  the  Selection  or  a  Fixative. 

We  should  be  led  in  the  selection  of  a  fixative  in  the  first  instance 
by  general  considerations,  and  secondly  by  sfiecial  onea  Proceeding 
According  to  this  rule  the  most  important  question  is  that  of  the 
reaction  of  the  fixative. 

When  dealing  with  the  theory  of  staining  I  shall  discuss  how 
ali>umin  after  alcohol  fixation  shows  no  affinity  for  acid  stains,  while 
albumin  will  stain  readily  with  acid  dyes,  if  some  acetic  acid  is  add*  d 
_to  the  alcohol  used  for  fixing  ;  or  how,  if  an  alkali  be  added  to  a  basic 

lin,  proteids  fixed  in  neutral  alcohol  will  readily  combine  with  the 
Coloured  base.  The  explanation  offered  is  that  living  proteid-matter 
exists  in  a  pseudo-acid  pseudo-basic  state  (p.  28). 

Proteids  miLst  l^e  regarded,  therefore,  as  neutral  compounds.  Tliis 
view  has  received  an  unexpected  confirmation  by  Hans  Friedenthal  \ 
who  Ims  collectetl  a  great  deid  of  ervidence  to  provo  that  all  living 
tissues,  both  vogetablo  and  animal,  have  a  neutral  reaction.  When 
bloud  is  said  to  be  alkaline,  it  is  simply  on  the  strength  of  the 
observation  that  red  litmus  paper  turns  blue  on  coming  in  contact 
with  frosh  blood  or  blood  plasma.  The  reason  for  this  reaction 
is  that  thn  comparatively  strong,  acid  litmus  turns  out  the  much 
feebler  carbonic  acid  from  its  combination  with  sodium  bicarbonate, 
KnHCO,,  which  in  a  chemical  sense  is  an  acid  su Instance,  but  neutral 
in  its  friction  to  such  indicatore  as  are  capable  of  showing  the 

'  Fri«dvnthal  :  Vmeorn'*  Zeitaeh./.  aUgtmtim  Pk^tMcffU,  1,  56  (1901) 
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presence  of  carbonic  acid,  such  indicators  being,  for  example,  phenol 
pbthttlein,  Porrier's  blue,  and  a-napthol-benzeiie. 

NaHCOj  +  litmus  =  Na  litmu8  +  H.CO^.   Na  litmus  =  NaOH  +  litmus. 

The  hydroxyl  OH  acting  on  the  red  litmus  converts  it  into  blue 
litmus.  The  bicarbonates  of  the  alkali  metals  are  therefore  basic  to 
litmus,  bnt  neutral  to  phenolphthalein,  Iiecause  the  latter,  lieing  a  much 
feebler  acid  substance,  does  not  turn  out  the  C0«  from  its  combination 
with  the  jilkali.  Carbonic  acid  led  into  a  red  alkaline  solution  of 
phenolphthalein  turns  it  colouj-less. 

Tlio  conception  that  organic  matter  is  for  the  greater  part  in 
a  chemically  inert  colloidal  state,  is  the  only  one  which  makes  life 
possible  ;  life  being  the  expression  of  a  struggle  between  the  proteid 
colloids  with  a  tendency  to  become  more  colloidal,  and  the  electrolytes 
striving  either  to  break  up  the  already  existing  colloidal  particles,  or 
tending  to  convert  them  into  still  larger  masses. 

We  have,  however,  to  remember  (p.  45)  that  no  absolute  difterence 
exists  between  an  electrolyte  and  a  colloid,  the  latter  being  either 
an  H*  or  OH'  compound,  carrj'ing  positive  or  negative  charges,  but 
not  able  to  exert  any  influence  on  its  environment  because  the 
H*  or  OH'  ions,  with  their  charges,  are  joined  to  an  unwieldy  mass  of 
aggregated  colloidal  particles. 

It  has  also  been  shown,  how,  by  increasing  the  H'  or  OH'  ions  in 
the  fluid  holding  the  colloidal  aggregates  in  suspension,  provided  the 
ions  which  we  add  are  the  s^inio  as  those  already  joined  to  the  larger 
aggregates,  the  latter  are  liroken  up  into  smaller  ones,  the  number 
of  these  smaller  masses  being  directly  proportional  to  the  number  of 
ions  added.  An  H'  colloid  by  the  addition  of  acids,  that  is  of  more 
H*  ions,  passes  into  solution,  and  similarly  an  OH'  colloid  by  adding 
alkalies,  that  is  more  OH'  ions,  also  passes  into  solution. 

It  follows  that  this  alteration  in  the  stjite  of  aggregation  must 
bring  about  a  change  in  that  structural  arrangement  of  the  colloidal 
particles  which  exists  during  life. 

Hardy  is  quite  right  in  his  statement  that  the  addition  of  electro- 
lytes capable  of  producing  a  coagulation  must  of  necessity  produce 
morphological  changes ;  but  it  must  also  t»e  remembered  that  only 
those  electrolytes  are  capable  of  changing  a  colloid  which  have  a  potent 
negative  or  positive  ion ;  which,  in  other  words,  are  either  acid  or  basic 
in  nature. 

Neutral  salts  do  not  give  rise  to  coagulation,  but  only  to  a  physical 
precipitation  by  the  withdrawal  of  water,  provided  they  be  used  in 
sutFicient  concentration  (p.  52). 

Again,  nun-electrolytes,  such  as  osmium  tetroxide  and  formal- 
dehyde, having  neither  negative  nor  positive  charges,  cannot  induce 
morphological  changes  in  a  colloid.  They  act  by  forming  additive 
compounds. 

To  sum  up:  The  truest  histological  fixation  of  tissues  is  obtained 
by  non-elecirolytes  cni>able  of  forming  additive  compounds,  and  would 
also  be  obtained  liy  neutral  salts,  if  the  latter  did  not  cause,  by  the 
withdrawal  of  water,  a  collapse  of  the  cells. 
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Altmiuin  eeems  to  have  been  the  first  who  realized  the  importance 
of  ludng  neutral  fixative8.  ami  his  mixture  (p.  99)  is  fltill  one  of  the 
beet  we  possess  ;  for  although  the  hiehromute  is  nlightly  acid  (p.  75I, 
this  acidity  for  histological  purposes  is  an  advantage,  as  it  makes  the 
recognition  of  detail  ea-sier,  and  its  excessive  action  is  prevented  by 
the  preeence  of  the  osmium  tetroxide  in  this  mixture. 

Ab  regards  the  special  considerations  which  must  guide  us  we  have 
to  consider  what  special  line  of  research  we  are  pursuing,  whether  it 
is  moqjhoJogical,  cytological  (see  beluw),  or  micro-choniical  (p.  139}. 

L  For  morphologioal  purpoaea,  ns  distinct  from  cytological  work, 
in  average  tixatiun  of  all  the  elements  is  of  greater  value  than  one 
which  is  only  suited  for  a  particular  tissue. 

The  four  mcthotla  sj^ofially  to  be  recommended  are  (a)  sublimate 
antl  acetic  acid  * ;  (i*)  bichromate  and  acetic  acid  (seep.  ioo|;  (c)  formol 
diluted  with  isotonic  s^dt  solutions,  or  in  special  cases,  such  as  the 
entire  eye,  dilute*!  with  water  ;  {d)  formol  and  sublimate  (see  p.  97). 

2.  For  cytological  work  we  may  divide  fixing  solutions  into 
those  specially  suited  fur  nuclei,  and  th<ise  best  adapted  for  the 
cell-plasm.  tTenerally  sjteaking,  the  salts  of  the  heavy  motals  are 
good  fixatives  for  nucleic  acid  compounds  (the  80^mlle<l  'nuclear 
chromatin  ') ;  but  they  cannot  be  relied  upon  either  for  other  nuclear 
elements,  such  as  nucleoli  and  nuclear  sap,  or  for  cytoplasmic 
structures,  except  jK^rhaps  the  cent rosomos.  These,  after  sublimnto 
fixation.  tK3come  readily  demonstrable  by  certain  staining  methods, 
simply  because  of  the  oi>en  structure  which  htis  been  induced  in  the 
rest  of  the  cytoplasm  by  the  action  of  tlie  fixative. 

All  salts  of  the  heavy  metals  have  a  tendency  to  produce  com- 
pftratively  coarse  coaguhi,  because  they  become  electrolysed  them- 
selves, lead  to  a  hydrolysis  of  the  water,  and  also  call  forth  the 
electrolysis  of  proteids.  The  greater  the  valency  of  the  metal  the 
more  marked  does  shrinkage  in  the  tissues  hvcome,  for  platinum 
chloride  (H,PtCI^}  shows  the  longitudinal  splitting  of  chromatin 
segments,  during  mitosis,  much  more  markedly  than  tloes  mercuric 
chloride  (HgCl,).  although  the  radical  PtCl^  is  divalent. 

Certain  investigators  use  almost  exclusively  corrosive  sublimate 
either  in  saturate<l  watery  .sobttions  or  saturated  in  normal  saline, 
as  does,  for  example,  Martin  Heidenhain  ;  others,  as  Henneguy,  speak 
of  the  brutal  action  of  sublimate,  and  state  that  it  produces  the  same 
appearance  in  all  cells.  A.  Fischer  seems  to  object  to  the  use  of 
•isublimate  Ijecatuse  it  does  not  produce  such  beautiful  croj>sof  granules 
out  of  a  homogeneous  mixture  of  alburaose  and  albumin,  as  do  the 
solutions  of  Altmann,  Flemniiug,  and  Hermann. 

Hubiimate  does  precipitate  proteid  matter  in  a  comparatively  coarse 
net,  and  the  homogeneous  appearance  seen  either  after  osmium 
ietroxidu  or  formaldehyde  fixation  is  absent ;  cells  fixed  by  it  do 
have  a  certain  su|.N?rficial  resemblance  to  one  another,  as  have  cells 
fixed  by  any  otlier  reagent  such  as  Flemming's  or  Hermann's 
^lutions :  but  any  one  who  knows  by  personal  experience,  and  not 
'  Subtimate,  a-s  grnu. ;  glAcial  acetic  acid,  i  ec. ;  water,  too  ce. 
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only  by  contemplating  other  people's  figiireft,  the  appearances  prctduced 
by  sublimate  in  different  classes  of  cells,  will  agree  with  me  that 
Hennpguy's  charge  is  greatly  exaggerated. 

Tellyesniczky  has  poiirted  out  that  sublimate  is  not  a  good  fixative 
for  testicles,  aiid  in  this  I  agree  ;  for  the  large  amount  of  inorganic 
salts  normally  present  in  this  organ  dis-golves  the  originally  formed 
coagulum.  on  the  principle  of  the  sublimate-sodium  chloride  experi- 
menta  given  on  pp,  109-113. 

Sublimate,  further,  cannot  be  relied  on  for  fixing  the  delicate 
connective  tissue  of  mucous  membranes,  and  in  paiticular  that  of 
the  villi,  as  its  use  leads  to  a  contraction  of  the  core  of  the  villus  and 
to  a  separation  of  the  epithelial  cells.  Probably  the  reason  is  th* 
same  as  that  just  stated  when  describing  its  action  on  the  testicle. 

These  disadvantages  may  be  overcome  to  a  great  extent  by  the 
addition  of  formaldehyde,  osmium  tetroxide,  or  potassium  bichromate 
according  to  the  formulae  given  on  p.  97.  because  such  additive  com- 
pounds are  less  affected  by  electrolytes  (see  Experiments,  pp.  116-1 19). 

Assuming  that  we  have  at  our  disposal  a  given  amount  of  a  fixative 
which  is  an  electrolyte,  the  exceedingly  difficult  questioti  arises,  How 
far  shall  we  dilute  it  for  use?  Keeping  in  mind  the  fact  that  only 
ions  produce  coagulation  (p.  68)  the  two  following  alternatives  have 
to  be  considered  :  A  large  quantity  of  a  dilute  solution  will  contain 
the  electrolyte  more  or  less  fully  dissociated  (p.  11),  but  the  ions 
will  be  distributed  over  a  large  space,  while  a  small  quantity  of 
a  strong  solution  may  possess  only  a  few  ions,  which  for  this  reason 
will  also  be  widely  separated  (see  Kohlransch's  table,  p.  20).  On 
bringing  these  solutions  together  with  a  coagulable  substance,  the 
diluted  fixative  will  commence  to  coagulate,  but  inasmuch  as  its 
ions  are  far  apart  the  effect  will  be  a  vei-y  gradual  one,  and  in 
consequence  the  coagulum  exceedingly  loose ;  and  fiu'ther,  provided 
the  solution  is  not  moved,  ions  will  have  to  travel  considerable 
distances  (pp.  10  and  54). 

The  concentrated  solution,  on  the  other  hand,  contains  in  addition 
to  its  ions  a  store  of  non-dissociated  molecules,  wliich  latter  will 
commence  to  dissociate  at  a  gradually  increasing  rate,  for  this  reason : 
whenever  the  ions  which  were  present  to  begin  with  are  rendered 
inert  either  by  their  chemical  union  with  the  coagulable  material 
or  by  loss  of  their  electrical  load,  new  ions  must  be  formed  out  of 
the  undissociated  molecules  to  keep  the  solution  saturated  with  ions 
(p.  16).  The  i-endering  inert  of  ions  means,  therefore,  diminishing^ 
the  total  number  of  molecules,  or,  what  amounts  to  the  same,  the 
percentage  strength  of  the  fixative,  and  we  know  that  the  smaller 
the  number  of  molecules  in  a  solution,  the  greater  is  tlie  dissociation 
of  the  electrolyte. 

Therefore  to  use  a  concentrated  solution  of  an  electrolyte  means 
to  employ  a  solution  in   which   the  number  of  ions   is  grfidually 
increasing  and,  what  is  more,  increasing  in  close  proximity  to  the 
coagulable    material,   with   the   result  that   an   exceedingly   coarse- 1 
coagulum  is  formed  (Experiment  7,  p.  107). 


■ 


L 


ELECTROLYTES  AND  NON-ELECTROLYTES         137 

Generally  speaking,  it  follows  that  dilute  golutiona  of  electrolytes, 
for  example  of  sublimate,  will  tenJ  to  fix  more  unifonrily  arnl  evenly  : 
there  is,  however,  always  the  risk  of  tho  priniaiy  coagiiluui  dissolving 
in  an  excess  of  the  coajj^ulablo  material  I  p.  77^ ;  while  strong  solutions, 
on  the  other  hand,  ensure  complete  coagulation,  but  in  so  vigorous 
a  manner  as  to  lead  to  the  destruction  of  fine  histological  detail. 

The  time  factor  is  also  of  very  great  importance,  for,  given  an 
albumin  which  forms  insoluble  monochlorides  and  soluble  dichlorides. 
it  becomes  necessarj'  tu  interrupt  the  process  of  fixation  at  a  period 
when  approximately  the  whole  of  the  albumin  is  in  the  insoluble 
state.  For  this  reason,  fixing  with  sublimate  should  not  be  a  jiro- 
longod  oi)eratiom as, owing  to  hydrolysis  of  the  mercurj'  salt,  free  HCl  is 
always  i>restsnt.  which  may  in  time  lead  to  the  solution  of  the  primary 
precipitate,  for  albumin  precipitated  by  mercury  is  readily  stiluble  in 
strong  hydrochloric  acid. 

For  the  cell-phiam  the  best  fixatives  are  osmium  tetroxide  ;  formal- 
dehyde ;  mixtures  of  osmium  tetroxide  and  formahlehyd© :  glacial 
acetic  acid  by  itself  or  in  combination  with  absolute  alcohol  ;  the 
vapour  of  sulphurous  acid,  or  75  to  80  j»er  cent,  alcohol  saturated 
with  sulphurous  acid. 

Osmium  tetroxide,  unable  to  form  salts  witli  other  metals,  holds 
amongst  inorganic  fixatives  a  place  similar  to  that  held  amongst 
organic  ones  by  formaldehyde.  Both  are  good  fixatives  because 
they  are  non-electrolytes  (see  p.  68>,  and  because  by  directly  com- 
bining with  the  tissues  they  forai  additive  compounds  which  do 
not  become  electrolysed.  They  leave,  however,  the  tissues  on  which 
they  have  acted  in  such  a  state,  that  subsequent  hardening  by 
means  of  alcohol  or  sublimate  mixtures  becomes  imperative.  It 
IB  omission  of  this  precaution  which  has  brought  formaldehyde  into 
discredit,  as  has  justly  been  pointed  out  by  SjfVbring. 

While  exj^erimenting  'with  various  oxidizing  agents,  such  as 
osmium  tetroxide  and  chromium  trioxide.  I  was  soon  struck  by 
the  dissimilarity  lit-tween  their  action  and  that  of  the  salts  of  the 
heavy  metals  ;  and,  believing  at  fiirst  that  osmium  owed  its  )>eculiar 
action  essentially  to  its  oxidizing  power,  was  led  to  combine  the 
oxides  of  osmium  and  chromium  with  sublimate  (see  p,  97).  Sule 
sequently  potassium  bichromate  was  substituted  for  the  chromium 
trioxide  to  prevent  undue  hardening.  While  sublimate^  taken  l>y 
itself,  causes  excessive  coagulation  of  the  cell-plasm,  and  while 
potassium  bichromate  does  not  fix  the  nuclei,  the  double  salt 
HgCI,  +  K,Cr,0.  produces  not  only  good  fixation  of  the  nuclei,  but 
also  prevent*,  very  considerably,  the  overcoagulation  of  the  cell-idasm. 

\i\  this  respect  osmium  tetroxide  resembles  ]>otasstum  bichroinute  ; 
and  formaldehyde,  used  in  combination  with  sublimate,  cim  also 
completely  j>revent  excessive  coagulation  (see  test-tube  experiments 
on  pp.  117  and  118). 

It  follows  that  to  obtain  the  best  histological  preservation  one 
of  the  following  methods  has  to  he  adopted:  namely,  either  to  fix 
whatever  difTereutiation  exiats  in  a  tissue  by  non-electrolytea,  and 
thou  to  still  further  harden  the  tissue  for  subsequent  manipulations 
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by  salts  of  ih.&  heavy  metals,  alcohol  and  similar  substances, — or  to 
combine  the  non-electrolytes  with  such  electrolytes  as  sublimate. 

By  using  osmium  tetroxiJe  or  fonnaldehyde,  free  from  formic 
acid,  in  the  form  of  vapours,  tlio  risk  of  electrolytic  dissociation 
of  the  tissue-Constituents  is  iieduced  to  a  mininnim  ;  hut  if  osmium 
tetroxide  and  neutral  formaldehyde  have  to  he  used  in  solution,  then 
let  them  be  dissolved  in  isotonic  solutions  of  neutral  salts,  or  mix 
neutral  formaldehyde  with  50  to  70  per  cent,  neutral  alcohol. 

Glacial  acetic  acid  is  neutral  to  litmus,  and  is  mentioned  here  in 
connexion  with  the  non-electrolytes  proper.  I  have  found  it  a  very 
good  fixative,  if  used  either  by  itself  or  mixed  with  an  equal  quantity 
of  absolute  alcohol,  as  in  the  mixture  of  van  Beueden  and  Neyt 
(p.  loi).  After  fixation  is  completed  the  tissue  should  be  sus- 
pended in  absolute  alcohol  to  remove  the  specifically  heavier  'acid.' 
M.  Geiger'  has  shown  exjierinientally  that  formic,  acetic  and  chlor- 
acetic  acids  are  not  dissociated  in  methyl-alcohol  solutions,  while 
hydrochloric  and  nitric  acids  do  dissociate. 

When  fixing  tissues  by  employing  non-electrolytes  in  combination 
with  electrolytes  we  may  assume  that  osmium,  if  it  has  free  access, 
is  quicker  in  its  action  than  sublimate,  and  that  formaldehyde, 
Jjeeause  of  its  great  penetrating  power,  is  always  certain  to  act  on 
the  cells  before  the  sublimate  can  do  so.  Therefore  my  metliod  of 
combining  osmium  tetroxide  or  furnialdehyde  with  sublimate  is 
theoretically  correct  and  in  practice  gives  good  results. 

Alcohol  must  also  be  regarded  as  one  of  our  best  fixatives  pro- 
vided it  is  used  in  the  iiroiter  strength.  From  my  experiments  in 
t!io  test-tube  {see  p.  103)  and  also  on  tissues,  it  appeai-s  that  50  per 
cent,  absolute  alcohol  is  a  delicate  fixative,,  and  that  good  results 
may  be  obtained  by  gi-adually  increasing  at  short  intervals  the 
sti'engths  to  60,  70,  80,  90,  95  and  100  per  cent.  If  alcohols  of 
90  per  cent,  or  stronger  bo  U3e<l  the  nuclei  are  greatly  distorted, 
an  a]>pearance  with  whioli  1  was  acquainted  in  1890,  but  which 
Tellyesniczky  fii-st  recorded  I 

In  choosing  fixatives,  we  must  further  bear  in  mind  whether  in 
the  resulting  precipitate  the  individual  molecules  have  their  cohesive- 
ness  preserved,  or  whether  they  lose  their  viscosity  and  are  made 
to  se[)arate  from  one  anotlier.  Thus  pirric  acid  and  sublimate 
make  the  proteid  particles  separate,  while  formaldehyde,  osmium 
t*itroxtde,  and  weak  alcohols  make  them  cohere  to  one  another,  as 
is  seen  from  thu  ex|hjriments  on  pp.  103--121. 

Theoretically  the  amount  of  fixing  solution  should  be  proportional 
to  the  amount  of  proteid  to  bo  precipitated,  but  the  principle 
generally  adopted,  and  on  the  whole  rightly,  is  to  use  an  excess 
of  the  fixing  solution. 

Further,  we  should  not  expose  the  tissues  to  the  action  of 
coagulants  longer  than  is  absolutely  necessary,  but  I  believe   all 

'  Ooigi^r  :  Gosetta,  30,  235  (1900). 

*  TellyesnJczky :  Arch.  f.  mikr.  Anat.  52,  aoa.  With  some  tissues,  such  la 
aemiQal  tubules,  eYeii  70  per  cent,  methyl  and  ethyl  alcohola  are  too  strong. 
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histologlftte  i!ii  in  this  respect.  Heidenlmiii  fixes  for  ioo  long  a  time 
in  siihlimato  ;  and  till  recently,  after  having  injectptl  animals  with 
tixing:  solutions,  I  used  to  fix  the  excised  tissues  for  another  twenty- 
four  hours  in  the  same  fixing  solution,  but  now  I  proceed  at  once 
t*J  75  P*-'"  cent,  alcohol.  Tissues  must  not  remain  in  solutions  of 
elfctrolytes  longer  than  is  absolutely  necessary,  especially  if  we  are 
dealing  with  cliromic  acid,  picric  acid,  or  with  suldiniate.  Flem- 
minEj's  solution  commences  to  macerate  in  many  instances  after 
twenty-four  houi's  uwinj^  to  Uie  continued  action  of  chromic  acid. 
M.  Meidenhaiu  has  drawn  attention  to  this  fact,  and  I  fully  agree  with 
him  for  the  following  reasons.  Egg-white  foaguUiteil  with  5  to  10  jter 
cent,  chromic  acid  will  pass  mostly  or  entirely  into  solution  within 
twenty-four  hours  ;  nerve-cells  fixed  for  prolonged  periods  in  chromic 
acid  or  its  s^dts  lose  so  much  of  their  contents  as  to  collapse  ;  hut 
perhaps  the  following  instance  is  the  most  striking.  Cole  t*>lls  mo 
that  tlatfish  fixed  in  Flemming's  strong  solution,  on  being  kept  iu 
this  ttuid,  invariably  ojien  their  mouths  on  the  fifth  day,  owing 
to  shrinkage,  and  tlmt  fish  iu  this  state  are  macerated. 

When  dealing,  however,  with  either  Mliller's  fluid  or  with  solutions 
of  the  bichromates  of  pot:issiumj  sodium  (and  ammonium),  very  pro- 
longed action  Iwcomea  nece.ssar)',  especially  in  hardening  the  central 
nervous  system.  Whatever  advantages  quickly  Iiardening  rej^genta 
sucli  as  Weigert's  new  fixatives  may  have,  1  personally  prefer  to 
use  Midler's  solution,  for  then  axis-cylinders  can  be  stained  by 
Stroebe's  method  (see  p,  222},  as  after  no  other  fixative.  The  cord 
of  a  cat,  for  example,  should  l>e  fixed  for  at  least  three  months  at 
the  ordinary  room-temperature. 


S.  Micro-chemical  research  should  be  carried  on  according  to 
the  following  priricijdes: 

1.  The  tissues  at  the  time  of  fixation  must  be  absolutely  normal. 

2.  Fixation  must  be  brought  about  by  physical  reagents,  which 
neither  prcnluce  a  change  in  the  organic  molecules,  nor  induce 
a  rwlistribntion  of  the  inorganic  constituents, 

3.  Chemical  fixation  must  allow  of  the  reconversion  of  the  newly 
forme<l  comi>ounds  into  the  original  state. 

4.  Unknown  chemical  changes  induced  by  certAin  fixativee  most 
allow  us,  by  means  of  definite  colour  reactions,  to  recognize  9i)ecific 
tissue  elements  such  as  elastic  or  white  fibrous  tissues. 

Following  the  suggestions  just  made,  it  is  theoretically  best  to 
employ  the  dehydration  method  of  Altmann  (see  p.  X43)  as  a  means 
of  fixing  tissues,  but  this  necessitates  very  special  apparatus.  To 
procure  ra|>id  iixation  I  have  mixed  solid  carbonic  acid  iCO.j  — 
snowl  with  ah-ohol  and  other,  which  gives  a  temperature  of  about 
—  80"  C.  ;  have  cfMjlotl  down  absolutf  alcohol  to  the  temperature  just 
stated,  and  then  have  used  this  alcohol  for  freezing  tissues.  A  whole 
fr<»g  is  frozen  through  and  through  in  a  few  seconds.  At  this  tem- 
perature alcohol  is  of  an  oily  consistence  and  does  not  act  as  alcohi^l. 
afl  legs  of  frogs  after  remaining  for  hours  in  the  alcohol  are  still 
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contractile  after  thawing.  Tissues  jfixed  in  this  manner  yveve  divided 
or  rather  broken  into  small  pieces  not  thicker  than  i'5  nun.  and 
dehydrated  over  sulphuric  acid  at  a  temperature  of  —30^  C. 

On  the  assumption  that  alcohol  acts  primarily  hy  dehydrating 
tissues  I  inject  animals  with  50  |>er  cent,  ethyl  alcohol  to  keep  the 
bloodivessels  patent  (about  half  a  litre  in  a  cat),  then  follow  up  with- 
out diminishing  the  pressure  with  75  per  cent,  alcohol  (al)out  one 
litre)  and  90  per  cent,  alcohol  (two  to  three  litres),  or^  having  dilated 
the  blood-vessels  with  09  per  cent,  sodium  chloride  tap- water 
solution,  follow  up  immediately  with  absolute  alcohol.  The  animal 
is  quickly  dissected  and  its  tissues  ai-e  placed  at  once  into  absolute 
alcohol.  Large  quantities  of  alcohol  are  required  to  throw  down 
all  free  salts  in  an  insulubJe  form  and  thus  to  prevent  their  unian 
with  'proteid'  substances.  It  should,  however,  be  remembered  that 
prolonged  action  of  alcohol  denaturalizes  most  proteids,  and  that 
it  is  necessary  to  quickly  pass  the  sections  through  pure  benzene 
into  solid  paraffin  if  they  are  to  be  examined  immediately,  or  into 
pure  liquid  juaraffin  if  they  are  to  be  preserved  for  some  time  for 
future  use.  It  is  always  necessarj'  to  avoid  the  use  of  xylol  or  toluol, 
as  they  contain  acids  (p.  377K  aud  of  chloroform,  because  of  the  action 
of  the  latter  on  proteids  in  the  presence  of  salts.  It  may  l>e  argued 
that  chloroform  only  acta  on  watery  solutions  of  albumin,  but  it  is 
exceedingly  difficult  to  absolutely  dehydrate  tissues. 

For  some  years  I  have  also  used  the  salting-out  method  employed 
in  physiological  chemistry  for  the  study  of  micro-chemical  reactions. 
Tolmatacheff  in  1867  was  the  first  to  employ  common  salt',  while 
lleynsius  in  1884'  introduced  ammonium  sulphate.  The  advan- 
tages of  salting  out  are  that  the  proteid  substances  do  not  become 
denaturalized,  provided  the  salt  solutions  are  i>erfeetly  neutral. 

It  is  best  to  inject  a  carefully  neutralized  solution  of  ammonium 
sulphate  which  has  V>een  saturated  for  warm-blooded  aninudsat  39"  C, 
and  for  cold-blooded  animals  at  the  room-temperature. 

Tissues  are  then  excised  after  fixation  and  left  in  a  further  quantity 
of  the  saturated  ammonium  sulphate  solution  for  48  hours  (because 
of  tlie  difficulty  with  which  the  salt  jjenetratea),  and  are  finally  trans- 
ferred directly  to  absolute  alcfihul,  and  taken  through  the  celloidin 
method.     (The  rtizors  suffer,  however,  very  badly.) 

To  use  heat  as  a  tlxing  agent  1  do  not  c^ansider  rigbt„  liecause  of 
the  great  chemical  changes  produced  !>y  heai  coagulation  (see  p.  58) ; 
I  also  avoid,  whenever  possible,  takuig  tissues  through  the  paraffin 
process,  as  celloidin  is  preferable. 

Amongst  chemical  fixatives  osmium  tetroxide  and  sublimat©  are 
the  I  ►est,  because  the  former  can  be  removed  completely  (see  p.  83)  and 
the  latter  at  least  in  part  (see  p.  78),  for  a  modified  Billion's  reaction 
is  seen  in  whita  fibrous  tissue  after  iodine-potassium  iodide  treatment 
of  picro-corrosive  sections. 

Theoretically  fixing  solutions  should  be  isotonic  with  the  tissues 

'  TolmaUcheff:    'Zur  Analyse  d.    Miloh,'  SapptSeykrt  mtd.-di«m.   Vntersueh, 
a^a  (1867;. 
*  Ueynsius:  PJiager'$  Arch.  34,  33P  (1884). 
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HlfljreoiBe  in  contact  with,  which  means  that  there  should  be  neither 
exoHmosIs  nor  endoaniosis,  as  the  former  will  tend  to  cause  collapse 
of  the  cell  and  the  latter  a  swelling  up.  Uintologists  re  mem  h^r  this, 
OB  a  rule,  only  when  they  are  dealin>(  with  blood,  and  forget  that  all 
tissues  ought  to  l)e  treat^-d  on  the  same  principle.  It  is  for  this 
reason  also,  quite  apart  from  the  pi-evention  of  elect rolyti«  dpcompoei- 
tion,  that  forinol  and  oHuiium  tetroxide  nhould  Le  combined  with 
normal  saline  ;  that  I  no  lonjj^er  use  sublimate  in  saturated  solutions  ; 
that  I  have  reduced  my  original  picro-corrosive  solution  to  one 
quarter  its  strength,  the  dilute  fixing  solution  having  a  specific 
gravity  of  1,020.  (Unsaturated  solutions  «jf  sublimate  are  further 
also  less  liable  to  form  crystals  in  the  tissues.) 

When  dortling,  however,  with  such  soluble  substances  as  peptone 
and  albumose  it  is  advisable  to  use  saturated  solutions  of  sublimate 
in  water  or  in  alcohol,  btit  oven  then  difficulties  arise  (see  p.  129I. 

The  disadvantages  of  using  dilute  solutions,  on  the  other  hand, 
Ijecome  evident  on  studying  my  slide  experiments  (see  p.  126).  which 
show  that  the  precipitates  first  fonnt.*d  are  liable  to  redissolve  in  an 
excess  of  the  proteid.  An  entirely  different  disiul vantage  i-s.  that  with 
greater  dilution  hydrolysis  also  becomes  more  marked  |see  p.  21), 
and  that  hereby  the  tendency  to  overcoagulation  is  increased. 

In  preparing  organs  for  histological  research  w©  should  always 
remember  that  there  are,  in  addition  to  cells,  various  structures  which 
have  been  derived  fi-om  them,  e.  g.  white  fibrous  tissue.  Alost 
observers  are  in  the  habit  of  m-glecting  the  connective  tissue,  as  is 
shown  by  the  readimss  with  which  they  employ  dilute  acetic  acid 
to  ensure  l>etter  penetration  of  the  object. 

Such  a  procedure  is  quite  legitimate  if  by  no  other  means  a  proper 
fixation  of  the  rest  of  the  organ  or  animal  can  be  ensured,  but  inas* 
much  as  we  possess  iu  potassium  bichromate  an  agent  which 
penetrates  readily  we  should  use  it  by  preference.  Picric  acid  also 
penetrates  with  great  readiness,  and,  according  to  Flemmtng^s  and  my 
own  experiments,  preserves  nuclei  and  cells  better  than  dilute  acetic 
jicid,  but  it  is  apt  to  cause  a  greater  amount  of  overcoagulation  in  cells 
than  almost  any  other  fixative  (see  p.  119). 

If  we  suspect  that  certain  apptsarancos  in  cells  are  due  to  physical 
causes  coming  into  play  during  the  act  of  fixation,  we  should  vary 
the  mode  and  directiuu  of  access  of  the  fixative.  It  is  easy  fur 
example  to  slit  open  the  alimentary  canal  of  Oniscus,  and  then  to 
allow  fixation  to  take  i>Iace  from  the  sides  of  the  large  cells  or  from 
their  inner  or  outer  surfact^s. 

Another  method  of  determining  the  pre-exLstence  of  certain  struc- 
tures is  to  study  celli)  in  different  phanes  of  functional  activity.  Thus 
L.  Huie  has  been  able  to  show  that  eight  chromatin  segments  occur 
during  certain  phases  of  glandular  secretion ',  and  also  during  mitotic 
division  ^  Hermann  and  M eves  have  further  established  the  connexion 
between  the  cell  centrosomes  and  the  middle  piece  in  sj)«rmntozoa. 

'  Mi«>a  U  IIiUb  :  Quarterly  Jcurnal,  89,  387  .1896-7,',  iiuJ  42.  203    1899  , 
*  UnpublLihud  obserration. 
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Are  we  justified  in  using  such  fixatives  as  AltmanuX  knowing 
that  they  precipitate  frmii  an  intimate  mixture  of  albumose  and 
ullmniiii,  the  former  in  the  shape  of  hvrge  granules,  and  the  hittor  in 
a  gnnnous  manner  (see  p.  126)? 

I  believe  we  are  for  a  double  reason  :  (i)  granted  that  we  have 
albumose  in  solution  in  the  cell,  we  may  use  this  method  for  quanti- 
tative estimiitions  of  the  amount  of  albumose  present,  that  is  to  say 
for  micro-physiological  purposes  (see  p.  130) ;  and  {2l  I»ecause  the  fact 
that  Altmann's  solution  precipitates  albumose  in  a  granular  form  out- 
side the  cell  does  neither  signify  that  granules  seen  in  the  cell  are 
albumose  tum-  that  they  have  been  produced  artificially.  To  put  it 
shortly,  Fischer's  observation  has  been  applied  recently  in  the  most 
senseless  manner  to  deprecate  the  apj>earance3  seen  in  cells.  I  hold 
"vvith  Miehaelis'  that  Altmann's  mixture  is  still  one  of  the  very  best 
which  we  possess. 

The  last  point  wln'eh  should  ho  remembered,  is  not  to  undo  the 
fixation  we  took  great  care  to  obtain  l.jy  thoughtless  after-treatraeat 
of  the  tissues,  aa,  e.g.,  washing  material  fixed  in  picric-aci*!  solutions 
in  water  ;  or  by  treating  sublimate-tissue  with  iodine  solutions  before 
the  tissue  has  passed  through  the  paraffin  process  ;  or  by  staining 
material  fixed  in  alcohol  only  in  watery  stains,  for  Hardy  and 
Wesbrook '  have  found  that  the  granules  of  certain  large  basriphil 
cells  after  alcohol  fixation  disappear  on  being  brought  in  contact  with 
watery  stains  ;  and  Weski'  confirmed  the  observation  of  Div-ysel  and 
Oppler^  that  dyes  help  to  fix  eleidin  grannies  in  sections,  for  palmar 
ami  plantar  skin  fixed  for  five  to  six  hours  in  saturated  sublimate 
solution,  dehydratetl  in  increasing  strengths  of  alcrdinl  to  which  iodine 
was  added,  and  taken  through  the  paraffin  process,  baliaved  an  follows: 
The  eleidin  granules  were  unaltered  by  alcohol,  ether,  and  xylol,  but 
were  extracted  b}'  an  even  momentary  immersion  in  wafer,  and  there- 
foi-e  it  was  impossible  to  use  the  ordinary  method  of  floating  sections 
on  warm  water,  before  mounting  them  on  slides  ^. 


CHAPTER  IX, 
Application  of  Fixatives  to  Tissri 


i 


I,  The  dehydration  method.  As  far  as  I  have  been  able  to 
ascertjiin,  the  process  of  diying  tissues  for  microscopical  research 
is  one  of  the  oldest  of  all  methods.     Leeuwenhoek  {1720)  describes 

'  L.  Micliaelia :  '  Die  vittlo  Filrbung,  eine  DurHtollungsmeibode  d,  Zcll- 
gmnulii,'  Arch.f.  mikr,  jUtnt.  55,  558-575  i^ipoo). 

'  liardy  and  Wf8brot>k  :  ./oitnrt.  «/ /Viysi'trf.  490-534  (1895).  They  rediscovered 
the  '  mantle  Inyor '  of  must-c^lla  describoU  first  by  Ehrlicjt  in  1877  {Arch./,  mikr, 
AnaU,  13,  263  (1877). 

•  0»kar  W«?«ki  :  Aunt.  Hrjle,  17,  199  (1901). 

'  Dreysel  aud  Opplc r  :  Arch.  /.  Derm.  u.  Sifph.  30, 

*  To  fix  tlio  eloidiii  grumiJfN  use  wator-blue  (uiethyl-blao),  wbicb  wan  intro- 
duced by  FrickouliauH  t^lIifiatMc/i.  /.  prakt.  Ltrmat.  28).  See  also  Franz  Woiden- 
reich :  AnKJ.  mikr,  Anat.  57,  583  ^1900^. 
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how  be  gave  orders  to  Ih©  captain  of  a  whaler  to  procure  a  piece 
of  whale  muscle,  un  the  supposition  that  bif,'  atiiinals  hav^  big  tissues. 
He  carried  such  a  piece  of  dried  niusclo  aJujut  with  hini!,  and  when- 
ever he  wautod  a  little  plonsant  relaxation,  slices  out  off  with  a  knife 
were  examined  under  the  micn^soopp.  His  method  is  still  practised 
at  the  present  day  with  some  tis.Hues  stich  as  tendons. 

A  more  refined  pi'oceeding,  depending;,  however,  on  the  same  prin- 
ciple, is  Altmann's  method : — Snuill  j>oiiions  of  an  organ  are  frozen 
and  kept  at  a  tenii^erature  of  at  least— 20'  C.  over  sulphuric  acid 
in  vacuo.  After  some  days  the  tissue,  having  iK^'ome  quite  <lry, 
is  placed  in  melte<l  paraffin  in  the  vacuum  chamh*?r.  and  is  rMjidily 
impregnated.  As  far  as  liiy  experience  gt>es  the  method  ought  to  he 
practised  more  frequently,  hut  it  requires  special  ap]>aratus  not 
always  Jivailable,  or  constant  attention  for  days  on  end  (see  p.  139). 

AliSulute  ulcohol  Hud  at-etoiie,  pure  glacinl  acetic  acid  (seep.  105), 
saturated  neutral  sidt  solutions  (for  example,  sodium  chloride  and 
ammonium  sulphate),  all  act  {irimarily  ^is  dehydrating  agents, 
although  in  the  case  of  alcohol,  acetone,  and  acetic  acid  definite 
chemical  changes  may  supervene. 

II.  Fixation  by  heat  of  moist  tissues  for  micro-chemical 
resosirch '.  If  heat  is  to  Iw  txied  it  is  best  to  place  the  tissue  in 
a  test-tul>e,  to  just  cover  it  with  normal  sidine  solution  (09  NaCl),  and 
to  immerse^  the  test-tube  for  5  to  15  seconds  in  water  which  has  just 

>ppe<l  boiling.  Thin  wet  films  (for  example,  blood)  can  ]>e  fixed  by 
exposure  to  the  heat  of  steam  for  2  to  3  seconds,  according  to  Sch&fer'a 
method,  or  dry  films  by  prolonged  action  of  dr\*  heat 

III.  The  fixation  by  heat  of  dry  proteids  is  an  exceedingly 
important  method.  It  was  Introduced  by  Ehrlich  in  1878.  To 
get  good  results  proceed  thus; — (i)  Make  very  thin  films  of  blood, 
pus,  marrow,  or  areolar  tissue  on  cover-glasses.  (The  cover-glass 
method  was  introduced  by  Koch  for  the  examination  of  bacterin,) 
(2)  Dry  the  films  quickly  and  spontaneously  by  waving  the  cover- 
glasses  about  in  the  air.  This  drying  process  prevents  the  coagulation 
of  the  proteids,  as  coagulation  can  only  take  place  in  the  presence  of 
moisture.  (3I  Fix  the  proteids  by  exjwsing  the  cover-glasses  for  I  to  2 
hours  to  a  dry  heat  of  about  120'  to  140  C.  Ehrlich  originally  used 
for  this  purpttse  a  copper  plate  heated  up  to  the  required  temperature. 
The  object  of  fixing  by  heat  is  to  din»iuish  the  normal  power  of 
absorbing  fluids  possessed  by  all  proteids,  and  thus  to  prevent  the 
distortion  of  the  shape  of  cells ;  secondly,  to  prevent  decomposition 
of  proteids  by  the  action  of  water,  and  also  the  removal  of  certain 
constituents  (for  example,  the  haemoglobin)  from  the  red  corpuscles  : 
and  thirdly,  to  make  the  cells  adhere  to  the  cover-glass. 

IV.  Fixation  by  chomioal  means  is,  however,  for  ordinary  pur- 
posec^  to  be  preferred  to  either  of  the  three  methods  described  above, 
because  in  many  cases  it  allows  the  investigator  to  study  directly, 
under  the  microscope,  the  changes  produced  by  each  fixative. 

'  Pereoually  I  d<>  imt  approve  of  tliiii  method,  Iipcbxi**'  album<>ae«  are  rendered 
more  soluble  &od  salta  enter  into  combLtiatiDU  with  'proteidii,'  altering  their 
reActioo. 
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The  methods  of  employing  chemical  fixatives  are  given  below. 

Living  cells  ai"e  exceedingly  liable  to  undergo,  sometimes  in  a  few 
seconds,  changes  from  which  they  do  not  recover ;  it  is  therefore 
essential  to  bring  them  as  quickly  as  possible  into  contact  with 
substances  which  will  fix  the  various  organic  constituents,  in  etich 
a  way  as  to  prevent  th^r  spontaneous  decomposition. 

From  what  has  just  been  stated  it  follows  that  by  preference  only 
living  material  should  be  used.  When  this  is  not  available  it  is 
im]>erative  to  obtain  tissues  as  soon  after  dt-ath  as  i>ossiMe. 

When  investigating  a  warm-blooded  animal,  the  fixing  solution 
should  tie  heated  to  and  })e  maintained  at  the  temperature  of  39'  C.^ 
wliile  cold-blooded  animals  are  treated  with  fluids  at  the  ordinary 
temperature  of  the  laboratory.  The  amount  of  the  fixing  solution 
required  differs  according  to  the  procedure  we  adopt^ namely,  whether 
we  employ  an  injection  method  or  whether  we  place  an  excised  piece 
of  organ  into  the  fixing  fluid, 

(a)  The  injection  method  was  devised  by  me  over  ten  years  ago, 
and  the  results  achieved  by  it  are  much  superior  to  those  obtainable 
by  any  other  process,  for  the  following  reasons:  (i)  within  fifty  seconds 
at  the  latast^  every  cell  in  the  body  is  fixed,  and  thei"efore  we  may 
compare  the  mutual  state  of  functional  activity  of  the  different  organs 
in  the  Iwdy  at  the  time  of  death.  (2)  Such  exceedingly  delicate  tissues 
as,  for  example,  the  medulla  of  the  supra-re-nal,  the  carotid  gland,  the 
pituitary  body  and  the  retina  are  perfectly  preserved.  (3)  The  distri. 
bution*  and  structure  of  blood-vessels  can  be  seen  in  their  normal 
physical  state,  for  we  are  not  dejiling  with  shrivelled  and  collapsed 
tulies  distorted  out  of  all  resemblance  to  what  they  must  Ije  during 
life.  (4)  The  natural  shape  of  the  hollow  viscera  in  the  abdomen 
is  preserved,  as  is  that  of  the  tubules  in  tlie  testis*  (5)  Hard  structures 
such  as  bone  and  teeth  have  their  cells  fixed  in  such  a  way  as  to 
resist  the  deleterious  action  of  decalcifying  agents.  (6)  There  is 
aV>soluteIy  equal  fixation  of  every  portion  of  an  organ,  while  by  the 
ordiuaiy  methods  the  peripheiy  of  a  block  of  tissue  is  fixed  in  one 
way,  and  the  centre  in  an  entirely  different  manner. 

From  BoUea  Lee  and  Paul  Mayer's  book  I  loatn  that  Golgi  must 
have  practised  the  injection  method  for  fixing  purposes  several  years 
before  I  did,  for  he  used  to  inject  a  half  per  cent  solution  of  potassium 
bichromate  through  the  carotid  to  fix  the  brain,  and  through  the  aorta 
if  lif  wanted  to  preserve  the  spinal  cord  '. 

Quervain*'',  in  1893,  allowed  the  blood  to  flow  from  the  carotid 
artery  and  then  injected  tlie  same  amount  of  Midler's  fluid  heated 
up  to  the  body-temperature.  He  takes  for  dogs  300  to  600  cc., 
and  for  cats  roo  to  300  cc. 

My  own  procedure,  first  published  in  1894',  is  described  below  s 

'  fJolgi  :  Anh.  Hal.  bi<d.  7,  30  (18861. 

*  Quervaiu  :  Virchuw'f  Arch,  138,  487  (1893),  and  Zeitsch,  /.  wIoih  Mikr.  10,  507 
(i893\ 

*  Mann :  ZeiL/.  idea.  Mikr.  11,  48a  (1894). 
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Procedure  of  the  injection  method. 

A  simple  injection  apparatus  may  be  constructed  by  securely  attach- 
ing a  piece  of  indiarubber  tubing,  about  two  and  a  half  metres  long, 
to  a  larire  funnel  having  a  capacity  of  one  litre.  Into  the  lower 
end  of  the  tubing  a  glass  canula  is  fitted,  bent  at  an  obtuse  angle, 
metisuring  (for  a  cat)  at  its  free  end  about  7-5  mm.,  and  having 
a  distinct  constriction  or  neck  to  prevent  it  slipping  out  of  the  aorta 
after  the  application  of  the  ligature.  About  10  cm.  above  the  glass 
canula  a  clamp  is  pla*.'ed,  which  can  be  oj»ened  or  closed  without  any 
loss  of  time.  The  apparatus  may  either  be  held  by  an  assistant 
or  A  simple  method  be  devised  for  raising  and  lowering  the  funnel 
by  means  of  a  pulley  and  crank. 

One  litre  of  normal  saline  and  two  litres  of  the  fixing  fluid '  are 
heated  up  to  38°  C  and  are  kept  ready.  The  following  instruments 
are  arranged  in  the  order  indicated  from  left  to  right:  (i)  a  solid 
razor ;  |2|  a  large  jwiir  of  ciirv&d  scissors,  blunt  at  the  point ;  (3)  a 
strong  pair  of  forceps ;  and  (4)  an  aneurism  needle  threaded  with 
thin  twine. 

The  animal  is  first  rendered  unconscious  and  kept  in  this  condition 
by  coal  gas,  for  the  following  reasons:— (i)  pain  would  cause 
changes  in  the  nervous  system ;  (2>  other  anaesthetics,  such  as 
chloroform  or  ether,  cause  in  the  cat  profuse  salivation  ;  (3)  coal 
gas  ensures  complete  dijatatiou  of  the  blood-vessels;  and  (4)  it  retards 
the  coagulation  of  the  blood. 

The  unconscious  animal  is  fixed  to  the  animaUholder,  and  the 
heart  is  exposed  by  one  incision  being  made  with  the  razor  through 
the  left  thoracic  wall  in  the  mummillary  line.  The  apex  of  the  heart 
is  then  cut  off  with  the  scissors,  and  the  upjwr  part  of  the  sternum 
and  the  ribs  attached  to  it>  up  to  the  region  of  the  mammillary  line 
on  the  right  side^  are  removed  with  two  incisions.  Next,  the  heart 
is  pulled  downwards  with  the  forceps,  and  the  ligature  needle  with 
the  string  passed  underneath  the  aorta.  The  string  is  retained  in 
position  while  the  ligature  needle  is  removed. 

The  funnel  is  filled  with  the  warm  salitie,  the  clamp  above  the 
canula  is  opened,  and  care  is  taken  to  drive  out  sxll  uir-ltubble.^,  Tlie 
clamp  is  then  closed,  and  the  canula  introduced  into  the  aorta  through 
the  left  ventricle,  the  Ugature  tightened,  and  about  250  to  500  cc  of  the 
normal  sidine  used  to  wash  out  the  blood-vessels,  keeping  the  funnel 
I  metre  above  the  animal.  As  soon  as  the  last  of  tlie  saline  is  seen 
to  be  leaving  the  funnel,  the  fixing  fluid  is  quickly  ix>ured  into  the 
funnel,  and  the  latter  raised  another  quarter  or  halt  of  a  metre. 

The  injection  of  the  fixing  fluid  takes  place,  therefore,  under  an 
original  pressure  of  i^  to  i  ^  metres.  After  about  one  litre  has  been  in- 
jected, tiie  funnel  is  lowered  t«»  ^  to  f  of  a  metre,  and  the  second  litre 
passed  through  under  this  diminished  pressure.  The  fluids  which 
are  injected  jwss  out  of  the  right  ventricle,  arid  it  may  even  hapjten, 
because  of  the  low  pressure  itsed,  that  the  fixative  will  circulate 

'  Pr«<ferii1>ly  picro-corroaive-formaldehjile  (p.  97)  for  micro -anatomical 
9HMU«h,  and  75,  90  and  100  per  cent,  abaoluto  alcohol  for  micro-cbeaiioal 
lllliwflftatiiiiiii      Tlie  alcohol  must  be  pure. 
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chiefly  through  the  head   and  neck  regions,  and  not  flow  to  the 

same  extent  through  the  lower  half  of  the  animal.  Using  my  fixing 
fluid,  which  contains  picric  acid,  it  is  easy  to  see,  by  blowing  the 
hail's  apart,  whether  the  skin  over  the  abdomen  and  in  the  tail  is 
becoming  yellow.  If  within  live  seconds,  counting  from  the  firnt 
appearance  of  the  fixing  solution  in  the  glass  canula,  the  skin  over 
the  abdomen  is  not  stained,  then  the  outflow  of  the  fixing  fluid  fram 
the  right  ventricle  should  be  retarded  by  either  clamping  the  ventricle 
with  a  pair  of  artery  forceps  or  by  passing  a  ligature  round  both 
ventricles  and  tightening  it  up  considerably. 

If  it  Ije  desired  to  inject  only  the  head  aitd  neck  of  an  animal,  the 
thoracic  aorta  should  be  clamped,  immediately  above  the  diaphragm, 
with  a  pair  of  artery  forcejia. 

After  the  second  litre  of  the  fixative  has  passed  through  the  body, 
those  pai'ts  which  are  needed  may  be  removed  at  once,  or  lie  left  in 
the  animal  up  to  twenty-four  hours,  without  being  injured  in  any 
way  for  micro-anatomical  work.  For  cytological  or  cell  research 
it  is,  iiowever,  as  well  to  remove  the  organs  in  the  course  of  one  hour, 
because  this  will  allow  portions  of  them  to  be  placed  in  further 
quantities  of  the  same  or  other  fixatives,  with  the  view  of  pre- 
serving everji-hing  that  can  l>e  fixed.  For  micro-cheniical  research 
I  pass  through  a  cat  200  cc.  of  normal  saline  to  distend  the  blood- 
vessels, then  500  cc.  of  75  per  cent,  alcohol,  1,000  cc.  of  90  i>er 
cent,  alcohol,  and  500  cc.  of  absolute  alcoliol.  Then  I  excise  the 
ti.s8ues,  rapidly  cut  them  into  slices  5  to  10  mm.  thick,  and  place 
these  in  large  quantities  of  absolute  alcohol  for  12  hours,  then  into 
equal  quantities  of  alcohol  and  chemically  pure  benzene,  free  from 
thiophaue,  for  12  hours,  then  into  several  changes  of  pure  benzene 
till  the  tissues  are  perfectly  clear,  and  finally  into  pure  liquid  paraffin 
of  an  oily  consistence. 

Tlie  after-treatment  of  tissues  will  be  described  later  (p.  163). 

{h)  The  ordinary  fixing  method  without  injection. 

(i)  Solid  noii'contrftftile  tiasiies,  t>.  g.  liver,  brain,  kidney  .\ 
(a)  ContractJlo  tissues  :  [ 

(<i)  Intoatiue r  P-  »47 

(&)  Mt^mach        .         ......./ 

(3)  Elastic  tJMfiueii : 

{a)  fikiti Tj 

C")  Lung I  D    1^8 

(4)  Seminal  tubules r  »"    "» 

(5)  Retina .J 

(6^  Cix'lileu  ..........  i 

(7)  Olfactory  and  respiratory  mucoua  mombraneB       .         .  (  P'    ^" 

If  instead  of  using  the  injection  method  we  are  compelled  to 
employ  the  ordinary  method  of  fixation,  which  consists  in  trans- 
ferring piecfts  of  tissue  to  the  fixing  ftnid,  then  special  care  should  Vie 
paid  to  the  removal  of  a  tissue  from  the  body  so  as  to  prevent  injury 
to  the  more  delicate  parts.  It  is,  for  example,  quite  easy  to  do 
great  damage  to  the  medidla  of  the  human  supra-reuid  gland,  if  any 
pressure  or  pull  be  exerted  on  its  capsule. 
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The  amount  of  the  fixing  solution  should  he  about  twenty  times 
the  hulk  of  the  tissue,  and  care  should  he  taken  that  the  fixative  has 
free  access  from  all  sides.  This  may  he  attained  by  either  laying 
the  tissue  on  absorbent  cotton  wool,  or  by  suspending  it  in  the  flui<) 
by  means  of  a  thread  or  enclosed  in  muslin. 

To  allow  the  fixative  to  exert  its  full  action,  difFusion  currents 
should  be  set  up  by  placing  the  vessel  containing  the  tissues  on  the 
top  of  an  incubator,  provided  the  temperuture  does  not  rise  above 
40  C.  The  stream  of  warm  fluid  which  will  be  constantly  ascending, 
brings  fresh  fixing  solution  in  contact  with  the  tissue,  and  also 
increases  the  penetrating  power  of  the  fixative. 

In  thickness  a  piece  of  tissue  should  never  exceed  5  mm.,  while  its 
surface  extent  may  be  of  any  size. 

( 1 1  Solid  non«coD tractile  tisanes,  such  as  glands,  portions  of  the 
nervous  system,  dead  muscle,  &c.,  are  cut  into  slices  not  thicker 
than  5  mm,,  and  each  piece  is  laid  separately,  without  touching  its 
neightKJur,  in  a  flat  glass  vessel^  on  a  very  tliin  layer  of  cotton  wool, 
and  Is  then  covered  with  the  fixative.  A  mistake  one  is  very  apt  t«» 
fall  into,  is  to  take  a  great  deal  too  much  cotton  wool,  which  then 
buoys  up  the  tissues  ancl  makes  them  project  out  of  the  fixing  solution. 
Should  this  occur,  a  little  cotton  wool  is  placed  over  the  pieces,  ancl 
is  then  moistened  with  the  solution. 

(2)  Contractile  tissues  requiring  rapid  fixation  should  be  treated 

riecording  to  the  rules  laid  down  for  the  intestine  and  stomach. 
(a)  The  intesiine.  If  soon  after  the  death  of  an  animal  portions 
be  removed  from  a  hollow  viscus  such  as  the  intestine,  special 
precautions  must  be  taken  to  prevent  the  muscular  coat  from  con- 
tracting irregularly,  and  distorting  thereby  the  mucous  coat. 
The  best  method  under  these  conditions  is  to  pass  a  ligature  round 
one  part  of  the  gut,  to  distend  it  moderately  with  the  fixing  solution. 
to  tie  a  second  ligature  higher  up  to  prevent  the  escape  of  the  fixative, 
and  then  to  either  place  the  intestine  in  a  vessel  on  absorbent  cotton 
wool,  and  to  cover  it  with  the  same  fixative  with  which  it  was 
distended,  or  to  suspend  it  in  the  fixing  solution  for  twelve  hours. 
Smulltir  pieces  may  then  be  cut  out. 

{h)  The  st4imach  should  be  pinned  out  in  the  manner  stated  below 
on  a  cork-frame,  having  an  ai>erturG  of  alxnut  2  x  3  or  i^  x  2  cm.  To 
prevpnt  the  fixing  solution  from  entering  the  cork,  and  the  tannin 
of  the  cork  from  transfusing  into  the  tisanes,  each  frame  should  be 
thoroughly  dried,  and  then  be  soaked  for  thirty  minutes  in  paraflin 
(56°  C.)  heated  up  to  80^  C.  When  cool  the  frame  is  ready  for  use, 
d  may  be  used  repeatedly. 

The  cork  frame  is  laid  on  the  unopened  stomach,  and  the  muscular 
•Mt  in  contact  with  the  frame  is  pinned  to  the  sides  of  the  frame  by 
first  securing  the  four  comers  and  then  introducing  aljout  twenty 

■      hedgehog  spines,  to  counteract  any  subseijuent  tendency  of  the  piec« 
of  stomach   to  curl   outvvurds.     Now  wi\li  a  shaq>   mzor,  or  with 
a  pair  of  scissors,  the  frame  with  the  attached  portion  of  the  stomach 
L      is  excised.     The  mucous  membrane  is  rinsed  with  normal  saline  to 
■     xwnove  all  traces  of  food,  the  cork  is  floated  on  the  fixative  with  tjjf 
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mucous  coat  in  direct  contact  with  the  aolution,  and  the  little  chamber 
formed  by  the  muscular  coat  and  the  sides  of  the  frame  is  also  filled 
with  the  aolution.  After  remaining  twelve  hours  in  the  fixative,  all 
danger  of  the  stomach  curling  up  will  be  past;  and  now  it  may  bo 
taken  off  the  frame,  and  those  poitiona  through  which  the  spines 
have  passed  be  removed. 

(3)  Elastic  Tissues  must  be  fixed  in  such  a  manner  as  to  represent 
the  appearance  shown  during  life. 

(a)  Pieces  of  Skin  should  be  pinned  out  on  a  cork  frame,  similar  to 
that  used  for  the  stomach  (see  above),  and  should  not  be  removed  froni 
the  frame  till  they  have  been  completely  fixed. 

{h)  The  Zum^  should  be  filled  with  the  fixing  solution  so  as  to  obtain 
the  air-vesicles  fully  distended.  Proceed  thus: — Open  the  thorax 
carefully,  to  avoid  puncturing  the  lung.  Tie  a  small  funnel  into  the 
trachea  and  carefully  dissect  out  the  lung  and  bronchus.  Then  fill 
the  funnel  with  the  fixing  solution,  which  will  ruu  into  the  lung 
and  distend  it  to  its  full  physiological  condition.  Ligature  the 
bronchus,  transfer  the  lung  to  a  portion  of  the  fixing  fluid,  and  keep 
it  moving  up  and  down  for  a  few  minutes.  Then  cut  it  into  pieces 
I  to  2  cm.  thick,  and  cover  the  pieces  with  absorbent  cotton  wool,  and 
leave  for  twenty-four  hours.  On  the  next  day  very  gradually  i^move 
the  air  by  means  of  an  air-pump,  to  cause  the  pieces  to  sink,  and 
to  ensure,  subsequently^  an  et|:ual  penetration  of  the  imbedding 
medium. 

(4)  Seminal  tnboles.  The  tunics  of  the  testis  are  so  firm  as  to 
offer  great  resistance  to  the  entrance  of  the  fixative,  and  as,  further, 
the  seminal  tubules  require  prompt  fixation  to  preserve  the  delicate 
structure  of  the  sperm  cells,  the  following  method  will  be  found  to 
ansAver  best: 

Divide  the  testis  by  a  longitudinal  cut  into  halves,  and  move  each 
of  these  rapidly  about  in  the  fixative  for  five  minutea  The  seminal 
tubules  will  thus  be  more  or  less  isolated  and  instantly  fixed. 

(5)  The  Retina.  The  eye,  for  fixation  of  the  retina,  is  excised  and 
held  in  the  left  hand.  With  a  veiy  sharp  hollow-ground  razor  on 
incision  is  made  through  the  sclerotic  coat,  just  posterior  to  the 
eomeo-sclerotic  junction.  A  sharp  pair  of  scissors  is  introduced  and 
the  cornea  and  eorneo-sclerotic  junction  are  removed,  white  great  care 
is  taken  in  no  way  to  compress  the  bulb  of  the  eye.  Next,  place  the 
eye  iii  the  hollow  of  the  left  hand  and  carefully  remove  the  vitreous 
humour  with  a  pair  of  forceps,  inclining  the  eye  at  the  same  time, 
and  thus  helping  the  humour  to  flow  out.  Place  the  eye  on  some 
absorbent  cotton  wool,  half  fill  it  with  normal  saline,  take  hold  of 
the  sclerotic  coat  with  two  pairs  of  forceps  placed  on  opposite  sides, 
and  immerse  the  eye  in  a  vessel  containing  the  fixing  solution.  Lift 
the  eye  ten  times  completely  out  of  the  solution,  and  then  immerse  it 
again.  By  this  means  the  retina  can  be  olttained  almost  as  perfectly 
as  if  it  had  been  fixed  by  injecting  the  animal. 

If  rapid  fixation  is  considered  unnecessary,  and  sections  are  wanted 
for  mft<!roscopical  demonstration,  then  the  excised  eyeball  shuuld  be 
placed  for  forty -eight  hours  in  a  large  quantity  (150  and  300  cc 
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for  eyes  of  a  cat  and  ox)  of  25  per  cent,  formol,  which  means  a  10  per 
c^nt  solution  of  formaldehyde.  After  opening  the  eye,  which  may 
now  be  done  without  running  the  risk  of  the  retina  collapsing, 
a  secondary  fixation  with  picro- corrosive -formaldehyde  solution 
(p.  97)  gives  the  best  results. 

(6)  The  Cochlea.  For  the  study  of  the  organ  of  Corti  it  is  best 
to  use  the  guinea-pig  or  the  bat,  as  in  these  animals  the  cochlea 
projects  into  the  tympanic  cavity.  To  obtain  good  preparations  it 
is  impossible  to  be  too  quick  in  one's  manipulations.  The  animal  is 
killed  by  beheading,  the  lower  jaw  rapidly  torn  and  cut  away,  the 
tympanic  bulla  laid  bare  and  then  opened  up  with  a  pair  of  Iwne 
forceps.  Th©  temporal  bone  with  the  cochlea  is  rapidly  transferred 
to  the  fixing  solution,  preferably  osmium-sublimate  acid  (p.  97),  or 
Flemming's  strong  solution  (p.  95),  or  pure  formol ;  the  fenestra 
rotunda  and  ovalis  are  opened  under  the-  fixing  solution,  and  a  further 
a{)erture  made  on  one  side  near  the  af>ex  of  the  cochlea.  The  bone  is 
now  moved  slowly  about  in  the  fluid  for  ten  minutes,  then  left  therein 
for  twenty-four  hours  in  the  dark,  and  decalcified  preferably  by  means 
of  sulphurous  acid  (p.  156},  or  by  5  per  cent,  sublimate  solution 
containing  i  per  cent,  of  nitric  acid.  After  complete  decalcification 
the  cochlea  should  be  washe^i  for  twenty-four  hours  in  running 
water,  or  be  treated  with  repeated  changes  of  50  per  cent,  alcohol 
to  remove  the  acids  thoroughly. 

(7)  The  olfactory  and  respiratory  mucous  membranes  are  best 
fixed  along  with  the  bones  to  which  they  are  attached.  The  olfactory 
mucous  membrane  is  thicker  than  the  respiratory  portion,  is  yellow 
in  colour,  and  will  be  found  to  line  the  jiosterior  turbinated  bonea 
and  the  upper  posterior  part  of  the  nasal  septum.  After  fixation 
for  twenty-four  hours  in  osmium-sublimate  it  is  easy  to  detach  the 
membranes  from  the  bone,  and  to  treat  them  without  disairanging 
the  glandular  and  nervous  structures. 
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CHAPTER  X. 
On  Bleachiko,  Isolating,  ajJd  Decalcifting. 

L  Bleaohing. 

For  bleaching  animal  tissues  by  removing  the  pigment  occuri 
in  the  cell,  the  following  methods  are  the  best : 

1.  Paul  Mayer's  free  chlorine  or  oxygen  method  \  which  acts  both 
on  noi-mal  pigment  and  also  on  the  blackening  due  to  reduction  of 
osmium  tetroxide  (see  p.  83), 

2.  Seller's  mixture  ^  consisting  of  I  per  cent,  chromic  acid  70  parts, 
nitric  acid  3  parts,  and  water  200  parts.  Decolourize  in  the  dark  and 
wash  out  the  chromic  acid  in  the  dark. 

3.  Rawitz*  recommends  alcoholic  soda  solution  for  the  pigment 
on  the  mantle  edge  of  mussels.  Take  3  to  9  drops  of  the  officinal 
NaOH  solution  to  15  to  20  cc.  of  90  per  cent,  alcohol. 

2.  Isolating. 

By  isolating  a  tissue,  we  mean  retaining  it  for  histological  investi- 
gation at  the  expense  of  the  other  elements  with  which  normally  it 
is  bound  up  in  any  organ.  Thus  in  some  instances  we  may  desire 
to  study  cellular  elements,  in  others  the  ground  substance,  either 
organic  or  inorganic,  and  so  forth. 

Isolation  may  be  brought  about  by  mechanical  or  by  chemical 
means,  the  latter  including  also  putrefactive  changes.  Thus  it  is 
easy  to  tease  the  sciatic  nerve  of  the  frog,  and  to  spread  out  the  indi- 
vidual fibres  with  needles,  by  StChr's  method,  or  to  obtain  epithelial 
cells  by  scraping  the  mucous  membrane  lining  the  mouth. 

Two  other  mechanical  methods,  introduced  by  His,  consist  in 
either  carefully  brushing  .sections,  to  remove  epithelial  and  endothelial 
cells,  or  in  getting  rid  of  loose  cells  in  sections  of  the  spleen  and 
IjTnph  glands  by  shaking  them  in  a  test-tube  half  filled  with  water. 
Similar  results  are  obtained  by  injecting  animals  with  normal  saline, 
when  the  adult  red  and  white  corpuscles  of  the  spleen  and  lymph 
glands  are  readily  washed  out. 

The  chief  chemical  means  of  isolating  fibres  are: 

I.  Rarmer's  one-third  Aicohol  and  its  Modifications. 

fa)  Uanvier  (1868)  recommended  the  use  of  90  |)er  cent,  alcohol 
I  part,  and  distilled  water  2  parts  (=  28  cc.  of  absolute  alcohol  and 
72  cc.  of  water  (Bdhm  and  Oppel)),     Leave  tissues  for  24  hours  in 

•  P.  Mayer :  Mitth.  Zool.  StoL  Neat^el,  2,  8  (1880). 

•  FuTb  LehTtntch,  tia. 

•  Bavritz  :  Lei(/.  Hist.  Uniers.  2.  Aufl.,  Jtjna,  35  (1895). 
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ten  times  their  bulk  of  the  alcohol,  and  change  every  24  hours  till 
isolation  is  j>o8aibIe.  For  onliiiaty  epithelial  cells,  one  <Jay  will  l>e 
fuuiid  suilicient,  while  the  entloeurdium  should  )>e  left  three  days  or 
longer.  Thin,  in  1879,  recommended  one  quarter  alcohol  for  the 
isolation  of  retinal  fibres,  and  Rawitz  recomoiends  the  same  strength 
for  the  central  nervous  system  of  evertebrates  and  for  ordinary 
epitheha. 

{h)  Felix,  and  also  Rausch  and  Martin  Hoidenhain,  use  Ranvier's 
one-third  alcohol  saturated  with  salicylic  acid'.  The  latter  was 
originally  added  to  prevent  putrefaction,  but  it  also  acts  as  a  fiJiativo. 
TluH  solution  gives  the  best  results,  if  tissues  are  macerated  for  twic« 
the  length  of  time  indicated  above  for  Ranvier's  alcohol. 

{c)  Iktxtsch  adds  to  90  cc.  of  Ranvier's  alcohol  10  grams  of  sodium 
or  potassium  carbonate  for  the  demonstration  of  the  cells  in  stratified 
epithelium. 

{d)  Eicaid  (1897)  uses  Ranvier's  alcohol,  and  subsequently  fixes  the 
isolated  cells  in  |  per  cent,  osmic  aeid« 

(<)  Gapr  (1890)1,  by  combining  picric  acid  with  alcohol,  obtains 
a  macerating  fiuid  which  can  also  be  recommended.  It  consists  of 
95  P^^  cent,  alcohol  250  parts,  distilled  water  750  parts,  and  picric 
acid  I  gram.     Macerate  2  to  24  houra. 

3.  Acids. 

(a)  Chromic  acid  was  first  advocated  by  Max  Schultze  in  strengths 
of  I  :  1,000  and  i :  10,000  in  distilled  water.  Use  large  quantities. 
In  24  to  48  hours,  epithelia  and  non-striped  muscle  may  be  separated 
into  the  component  parts. 

Arnold's  method  for  i>eripheral  ganglia  I  find  with  Rawitz  to  give 
good  results.  Leave  the  ganglia  for  5  to  10  minutes  in  I  :  1,000  acetic 
acid  to  swell  the  connective  tissue,  then  transfer  directly  fur  24  to 
48  hours  into  i  :  1,000  chromic  acid.  Tease,  impregnate  with  i  :  1,000 
gold  chloride  solution  5  minutes,  and  expose  in  acidulated  water  to 
direct  sunlight  for  24  hours. 

(b)  Glucial  acdic  acid  \Vnna)  is  used  either  pure  for  isolating  the 
cells  of  the  stratum  corneum  (2  days),  or  in  25  per  cent  strength  to 
separate  the  epidermis  from  the  dermis  (4  to  5  days). 

Haller  was  the  first  to  use  it  in  combination  with  glycerin  and 
water,  while  Siehler  uses  it  in  conjunction  with  i  per  cent,  chloral 
hydrate  to  dissolve  connective  tissue. 

Siehler  s  macerating  fluid  for  muscle  is  composed  of 

Ordinary  (33  per  cent.)  acetic  acid  .         .         .1  part 
Glycerin  .         .         .         .         .         .         «     i     „ 

I  per  cent,  watery  chloral  hydrate  .         .         .6  parts     , 

(c)  Hydrochloric  acid  (Behrens)  in  12  per  cent,  solution,  specific 
gravity  1060.  isolates  glandular  elements  and  their  ducts  in  10  to  24 
hours.     It  gives  good  results  with  the  kidney. 

'  This  M.licylicaoid  alcohol  tsalao  tli«  best  method  for  studfing  the  ADiiomiciil 
1  Amuigfznent  of  mtuclos  in  the  fro^,  the    miuculAr  Bubatauoe  becoming  white 
rhile  the  tendons  remaia  tniupareat. 
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(ei)  Nitric  acid  in  ao  per  cent  aolutions  waa  first  uaed  for  muscle  by 

Eeichart ;  also  in  combination  with  potassium  chlorate  by  KUhne. 
Apathy  conibinea  it  with  acetic  acid  for  the  isolation  of  nerves  in 
leeches.     Apathy  uses 

Nitric  acid     .......     3  parts 

Acetic  acid 3     „ 

Glycerin        ,         .         .         .         .         .         .  20     „ 

Absolute  alcohol   .         .         .         .         .         .  20     „ 

Water 20     ,, 


Macerate  leeches  for  24  hoars,  and  then  transfer  them  directly  to 
70  per  cent,  alcohol,  in  which  they  swell  up. 

Hopkins  leaves  portions  of  the  stomach  and  intestine  in  20  per  cent, 
nitric  acid  till  the  mucous  coat  separates  from  the  muscular  one. 
The  latter  is  then  tmnsferi-ed  to  a  saturated  solution  of  pot.ish  alum, 
and  preser>'ed  till  needed.  The  non-striped  muscle-fibres  are  readily 
isolated. 

(e)  Sulphuric  add  in  concentrated  solutions  answers  for  homy 
substances,  such  as  nails  and  Imirs.  Heat  the  hairs  in  sulphuric  acid 
till  they  l>egin  to  curl;  transfer  thorn  into  distilled  water;  wash 
carefully,  and  scrai>e  them  for  the  medullary  cells.  To  demonstrate 
the  cuticle  of  the  hair,  simply  place  it  after  it  has  commenced  to  curl 
on  a  slide,  cover  with  water,  and  press  on  the  cover-glass.  The 
cuticle  will  detacli  itself  in  large  Hakes. 

(/)  Sulphurous  acid  is  used  by  Sandmann  for  the  isolation  of 
muscle-fibres.  In  combination  with  cane-sugar,  it  was  first  recom- 
mended by  Klebs,  who  adds  to  i  cc.  of  5  per  cent,  cane-sugar  one 
drop  of  sulphurous  acid.  Usually  in  i  to  2  hours  epithelial  cells 
separate  readily ;  sometimes  they  take,  however,  much  longer,  and 
therefore  for  class  purposes  I  have  slightly  modified  the  method. 
Take  9  cc.  of  10  per  cent,  cane-sugar  and  i  cm.  of  sulphurous  acid. 
Keep  epithelial  and  glandular  tissues  of  the  frog  for  15  to  30  minutes 
at  a  temperature  of  40°  C. ;  tease  and  examine  in  the  macerating 
fluid. 

3.   Alkalies.  ^^- 

(a)  Sodium  carhonaie  in  combination  with  Kanvier's  alcohol  hal^^H 
been  mentioned  above  (Rausch's  method).  ^H 

{b\  Sodium  and  potassium  hydrate  in  35  to  50  per  cent,  anlutaons 
were  introduced  by  Moleschott*  Max  Schultze  used  potassium 
hydrate  in  28  to  40  per  cent,  and  sodium  hydrate  in  20  to  22  per  cent. 
solutions'.  It  is  now  customarj'  to  use  a  33  percent,  solution  of 
caustic  potanh,  which  answei-s  well,  as  it  dissolves  the  connective 
tissue  without  destroying  the  other  elements.  Tissues,  if  not  treated 
previously  with  formaldehyde,  should  be  examined  either  in  the 
33  per  cent,  potash  solution  or  in  10  per  cent,  formol  solution,  which 
latter  fixes  the  tissue  elements  and  allows  them  to  be  examined  in 
water,  or,  after  washing  out  the  potash  and  neutralization  with  acetic 

'  Boll««  Lee  and  Mayer,  954  (1898). 
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ncid,  tlie  fibres  may  \^  stained  in  the  usual  way.  The  usual  method ' 
of  neutrnliKing  the  alkali  with  acetic  acid  or  transferring  the  tissues 
at  once  to  a  60  per  cent,  solution  of  potassium  acetate,  acidulated 
with  acetic  acid,  in  not  80  good. 

4.  Salts. 

(a)  Potassium  hicJtrvmate,  i  :  1,000  (Deiters*  method),  allows  of 
ready  isolation  of  the  motor  cells  in  the  spinal  cord  and  the  antler 

>ll8  of  the  cerebellum.  Place  slices  of  the  cord  and  cerebfilhnn  about 
cm.  thick  on  absorbent  cotton  wool,  and  cover  them  with  at  least 
20  times  their  bulk  of  l»iehromate  solution.  Change  the  solution 
at  least  four  times  in  the  course  of  two  days.  Stain  in  a  1  per  cent. 
sodium  carminate  solution. 

(b)  Lattduis  mixtttrr  contains 
Saturated  watery  solution  of  ammonium  chromate       5  parts 

„             „             „             potassium   phosphate       5     „ 
„             „             „            sodium  phosphate     .       5     ,, 
Water  . 100    „ 

Macerate  slices  of  the  central  nervous  system,  i  cm.  thick,  2  to 
6  days  in  large  quantities  of  this  tluid.  Then  transfer  them  to 
a  t  per  cent,  solution  of  van  Wijhes  carminein  (p.  248)  for  24  houi-s 
and  tease.  This  method  gives  better  results  than  the  simple  potas- 
sium bichromate  method  mentioned  above. 

{c\  S(Hlium  chloride,  in  10  jkt  cent,  solutions,  is  used  by  Ballowitz 
for  the  maceration  of  spermatozoa,  which  may  or  may  not  he  fixed 
previously  in  osmic  acid  va|iour  [ZeiiscJu  /.  wiss.  ZooL,  329,  1890, 
and  Intcmat.  Monatssch.f.  Anat.  m.  l\i/sioi  11.  218,  245,  1894). 

(d)  Chloral  hydraU\  first  recommended  by  Lavdowsky  (1876),  in 
2-5  per  cent,  solutions  acts  well  for  all  delicate  cells,  such  as  salivary 
glands.  Its  combination  with  acetic  acid  in  Siehlers  fluid  is  given 
above  (p.  151). 

5.  Digestion  methods. 

The  idea  of  subjecting  tissues  to  the  action  of  gastric  juice  originated 
with  Beale  in  1858  {Arch,  of  Med,  1,  276)1,  although  he  did  not 
actually  isolate  any  tissue  elements.  His  method  was  used  for  tracing 
nerves.  Stirling  (1873),  while  working  in  Lud wig's  laboratory, 
optically  isolated  the  elastic  fibres  in  the  skin  by  digesting  the  latter 
with  artificial  gastric  juice',  which  renders  all  other  elements,  except- 
ing Derve«  and  nuclei,  indt-<itinct. 

£wald  and  Ktlhne^  treated  various  organs  with  a  slightly  alkaline 
glycerin  extract  of  the  pancreas,  and  obtained  results  which  have  been 
compiled  by  Bdhm  and  Oppel  {Taschenhuch  d.  mikr.  Techmk,  1900*): 

*(i)  Tendons  break  up  into  fuoiculi  and  SbriU;  of  all  the  other  conBtituouts 
only  •hrivelled  nnctei  renuiin,  which  become  easily  detached. 

*  Behrena,  KopmJ,  And  Schioffer  :  Dtu  Mikroacop^  156  (1889). 

*  Jimrnal  ^  Anat.  and  fkynioL  (1B75). 

'  A.  Ewald  nod  W.  KiUine  :  '  Die  Verdauung  ala  hiatologiaohe  Methode,'  VvK 
natwhiit  V«r.  HtiddUrg  (M.F.),  1,  451-456- 

*  1  wiis  unable  to  procure  the  original  paper. 
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The  elastic   fibres 


(a)  Alveolar  connective  tissue  of  the  mesentery  behaves  like  tendon, 
endothelium  is  disHolved,  with  the  excpption  of  the  nuclei. 

(3)  Reticular  connective  tissue  is  obtained  quit«^  pure. 

(4)  Hyalino  cartilnge  :   cell*,  t*xfei>t  the  nueloi,  are  dissolved, 
substance  forms  n  granulnr  network  beliaviug  like  colhigen. 

(5)  Elautio  cartilage  behaves  liku   the   hyaline   variety, 
diiiappenr. 

(6)  Elastic  tissue  is  diiisolved. 

(7)  So-called  structui>ei]esa  basal  membranes  are  dissolved. 

(8)  The  liver  is  completely  digested,  with  the  exception  of  the  nuclei  and  the 
fibrillar  connective  tisnue  which  extends  to  the  venn  intratohularis. 

(9>  Muscle  is  completely  digested,  except  the  connective  tissue. 

^lo)  Tho  epitheliuu]  of  mucous  membranes  disappears,  with  the  exception  of 
the  nuclei. 

(ic)  In  Htratified  epithelium  the  rete  Malpighii  is  affected  ^vai,  then  the 
prickle  c^'lls  boc/itne  isolated,  and,  lastly,  the  cells  uf  the  stratum  corncum, 
which  appear  as  if  htjllow  nnd  with  a  double  contour. 

Therefore  tryptic  digestion  is  a  meiins  of  isolating  in  any  orgnn  the  oollagenoiia 
or  white  tibrourt  tissue,  the  colls  of  the  stratum  corneum  and  nuclei.' 

On  the  opposite  page  I  give  F.  Mull'.s  results  in  a  tabulatecl  form  '. 
The  reticulin  is  a  special  kind  of  connective  tissue  occurring  in  the 
spleen,  lymph  glands,  mucous  membranes,  liver,  lung,  and  kidney. 
It  differs  from  ordinary  connective  tissue  in  not  being  couvei-ted  into 
gelatin  on  boiling. 

To  obtain  the  sheaths  of  ela.stic  fibres,  boil  the  liganientum  nuchae 
for  a  short  time  in  strong  hydrochloric  acid,  and  then  pour  the  con- 
teats  of  the  test-tube  into  cold  water.  Sometimes  a  longitudinal 
strirttion  can  be  made  out  in  tliese  sheaths,  eapecially  after  staining 
in  a  dilute  solution  of  fuclisiii  (magenta)  in  50  per  cent,  watery 
glycerin.  While  fibrous  tissue  and  reticulin,  Miiich  in  their  normal 
condition  contract  at  72"  C,  do  not  shrivel  after  being  fixed  in  a  \ 
per  cent,  osmic  acid  solution  till  the  temperature  is  raised  tu  95"  C. 

Treated  with  the  natural  gastric  juice  of  the  dog,  tendons  do  not 
dissolve  more  quickly  than  ohistic  fi^bres,  but  with  artificial  peptic 
digestion  the  tendons  are  acted  upon  tiret,  then  the  reticulin,  and 
lastly  the  elastic  fibres. 

To  demonstrate  the  elastic  fibres  in  the  lung,  skin,  &c.,  I  have 
used  the  following  method  for  some  years.  Fresh  tissues  are  placed 
on  the  freezing  plate  of  a  Williams  or  Cathcart  microtome,  they  ai^e 
8ui-roun<led  if  necessarj^  with  gum  to  steady  them,  and  are  then 
ftozen  and  cut.  The  sections  are  transferred  directly  to  alcohol,  and 
fixed  for  ten  minutes  ;  they  are  now  stained  in  orcein  (orcein  I  gram, 
hydi-ochloric  acid  i  cc,  water  10  cc,  absolute  alcohol  90  cc.)  for 
twelve  hours,  and  subjected  t^  gastric  digestion  at  a  temperature 
of  37*^0.  Veiy  instructive  preparations  are  obtained  in  tliis  way, 
e.specially  if  thick  sections  are  cut. 

E.  HiShl '  (1897)  fixes  paraffin  sections  by  Gullond's  water  method 
to  slides,  removes  the  paraffin  witli  xylol,  the  latter  with  absolute 
alcohol,  and  then,  to  get  rid  of  all  traces  of  £at,  treats  the  slides  in  a 

'  F.  Mall  :  S6cht.  Qes.  Wiaa.,  malh.-phyaik.  Classe,  17,  299-338  (1891)  ;  and  Johns 
Bapkitia  HtapUat  Reports,  vol.  i  (1896). 

*  H6hl  :  *  Zur  Hist.  d.  adenoid.  Qewebes,'  Arch.  f.  Anat.  und  Physiol^  anaL 
Abtlua.f  133-153,  a  plates  (1897). 
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well -stoppered  bottle  for  twenty-four  to  seventy-two  hours,  at  37°  C. 
with  l)en/ena     (1  find  this  unnecessary.)     The  slides  are  now  pas8t»c 
through  absolute  alcohol,  90  and  70  per  cent,  alcohol,  then  wa^^hec 

Results  obtained  by  F.  Mall. 

■ 

i 

While /Ibna. 

Retirulm. 

Yellow  fibrn. 

i 

Aeetio  acid 

up  to  ^ 

)-as 

as 

ICX> 

No  swelling. 

Swelling. 

Solution  in  34  houre. 

No  swelling. 

Not  diasolved  in  ao 
per  cent,  boiling 
acid,    but     Hbres 
become  brittle. 

Hy<ir«>el»lork" 
Ncid, 

tJ»-3 
3-6 
6 — 10 
6—35 

25—100 
too 

Swelling. 

Swelling, 

Unnltvrtfd  for  »ome 

time. 
- 

Solution. 

Swdling. 

Unaltered. 

Unaltered. 

Solution  in  24  hrs. 

10     per    e«nt.  ~  no 
change  at  ao'C 

50  per   cpnt.  =!«ilu- 
lion  in  7  day*,  but 
ahoatli    of    libre* 
more  resistant. 

Solution  in  a  days 
+  boiling  =  rapid 
solution  of  centn> 
of  fibre. 

CktudepoUuh 
w««Ji  soL 

r 
a 
5 

ID 

ao — 40 

Swelling,  but  no  •<>- 
lution  at  ordinary 
temperature. 

B^avMlik«white 
fibroua  tiasue. 

Solution  takoa  plovo 

after  inontli«. 

,,       I  month. 
„      3  days. 

,.       1  day. 
„        hours. 

+  boiling  =  rapid  ■<>- 
hition,  vonvHraifni 
inlonlkuli  albumin. 

Puptic 
Hgtiatioa 

Centreof  fibre  bdis- 
solved,  leaving  the 
sbeuth. 

tin  peptone. 

Tryptic 
d%twtian 

No    aclJon    on    normal    tissue,     but   if 
slirivollfd  by  hwit,  bolli  are  quickly 
digested. 

Quickly  dissolvod. 

Heat 

Contracts  at  7a'  C. : 
aft«r     trc>atin«nt 
withsoiddiaaolTea 
quickly. 

Conlra«t!iat7a'*C.; 
after  traatmeut 
with  acid   dia* 
aolvea  slowly. 

No  action. 

Putmfaction 

Does  not  nttack  either  of  those  if  taken 
from  the  body.     1(  left  in  the  body, 
at  37' C.  they  quickly  deoompoM. 

Quickly   deatroya 
rentroi   leering 
the  aheath. 

L 

J 

1 

156 


DECALCIFYING  AND  MACERATING  BONE 


for  fifteen  minutes  in  running  water,  digested  for  ten  to  twenty-four 

hours  with  trypsin  and  again  washed  in  water,  inking  special  care  to 
prevent  the  aet-tions  leaving  the  hlide.  The  sections  are  mordanted 
for  one  to  twenty-four  houi-s  in  a  :|  per  cent,  watery  solution  of 
animonio-ferri  tartrate,  rinsed  in  water,  and  stained  for  three  to 
twenty-four  hours  in  a  ripe  \  per  cent,  haematoxylin  solution*.  If 
the  reticuhim  is  not  sufficiently  stained,  transfer  the  slide  for  twenty 
t^j  thirty  minutes  to  some  fi-eslily  prepared  iron  solution,  then  dehy- 
drate, clear  and  mount  in  balsam. 

3.  On.  decalcifying  and  macerating  bone. 

The  chief  point  to  be  borne  in  mind  is  that  good  decalcifying 
methods  are  useless  if  the  bone  has  not  been  properly  fixed  to  begin 
with. 

The  best  fixative  for  embryonic  bone  up  to  the  time  of  birth  is 
picro-corrosive  formaldehyde  (p.  97).  With  older  bones,  which  are 
densp,  and  cannot  be  injected  by  my  method  (p.  145).  use  20  per  cent, 
formol  in  09  per  cent,  eodium  chloride  solution.  Embryonic  bones 
should  be  fixed,  according  to  size,  for  twenty-four  to  forty-eight  hours, 
and  older  bones  for  three  days.  The  best  results  with  adult  bone 
are,  however,  obtjiined  by  injecting  the  whole  animal  with  picro- 
corrosive  formaldehyde.  To  decalcify,  up  till  last  year,  I  used  either 
Squire's  mixture  of  glycerin  (95  parts)  and  hj'drochloric  acid  (5  parta), 
in  which  the  glycerin  plays  the  same  role  as  the  saturated  salt  solu- 
tion in  von  Ebner's  fluid,  by  preventing  a  swelling  of  the  bone — or 
I  per  cent,  nitric  acid  in  a  2|  per  cent,  sublimate  solution.  Now 
I  use  ZJeglfr's  method  \  which  I  have  tried  on  adult  bones  of  cats, 
rabbits,  and  guinea-pigs,  on  the  temporal  bone  of  human  embrj'os, 
and  teetli.  It  acts  much  more  quickly  than  the  ordinary  methods, 
that  of  phloroglucin  nitrate  excepted,  and  preserves  tissues  better 
than  the  phloroglucin  methods'. 

Ziegler's  method.  Fix  bones  preferably  in  formol  (see  above). 
Decalcify  in  commercial  5  per  cent,  sulphurous  acid,  when  the  in- 
soluble tricalcium  phosphate,  which  along  with  carbonate  of  lime 
forma  the  main  bulk  of  the  inorganic  constituents,  is  converted  into 
the  readily  soluble  monocalciura  phosphate 

Ca.(POJv-f-4SO,-|-4H,0  =  CaiH.POJ.-f-aCaCHSO^)^. 

The  humerus  of  an  adult  guinea-pig  is  decalcified  in  one  to  two 
days  at  the  ordinary  temperature,  and  in  twelve  hours  in  an  incu- 
bator at  35°  C.  A  frog's  femur  requires  five  hours,  and  large  adult 
human  bones  up  to  one  week. 

After  the  dpcalcification  is  completed  wash  In  water  for  twenty- 
four  hours.  Dehydrate  gradually,  and  imbed  embryonic  bones  in 
paraffin  and  adult  bones  in  celloidin., 

'  A  qimrter  per  cent,  haematciin  answers  well. 

*  Paul  Zieglfcr  :  Festschrift  «.  70.  Gelmrtatag  c.  Kujfffen.  49-53. 

^  An  admirable  aynopais  of  the  older  methods  employed  for  investigating 
bony  tissues  will  be  found  in  Joseph  Schaffer'a  article  in  the  Zeitsch.  f.  wiss.  Mikr. 
10,  167-21 1  (1893). 
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Maceration,  for  isolating  the  inorganic  constituents  of  bone,  is  liest 
performed  as  follows: — Either  entire  bones,  or  pieoes  of  them,  are 
placed  in  warm  water,  after  the  marrow  has  been  removed  if  pos- 
sible. As  soon  as  putrefaction  has  started  vigorously,  the  water  is 
chan^^  every  two  or  tliree  days,  partly  to  i^move  tl>e  bloo<l  com- 
pletely, and  also  not  to  Interfere  with  the  bacterial  actii<n  by  the 
accumulation  of  their  products.  After  two  to  three  weeks  thw  bones 
are  laid  on  clean  sand  and  watered  regularly  twice  a  day,  when  all 
fat  will  be  drawn  out  of  the  bones  by  capillary  attraction.  I  find 
this  method '  l>etter  thui  extracting  fats  with  ether  and  alcolntL, 
especially  as  it  does  not  interfere  with  bacterial  action  should  the 
latter  be  still  required. 

CHAPTER   XI. 
Ok  Injectikq  Blood  and  Litiph  Vessels. 

Blood-vessels.  Whpnever  possible,  whole  animals  should  be  injected. 
because  all  the  blood-vessels  being  filled,  a  larger  surface  is  exposed 
to  the  pressure  of  the  injection  apparatus,  and  thus  any  mistake  the 
operator  may  make  in  determining  the  right  pressure  is  minimized. 
Warm-blooded  animals  may  be  completely  injected  in  four  to  five 
minutes,  provideiJ  the  injection  is  performed  immediately  after  death. 
If,  however,  rigor  mortis  has  supervened,  no  attempt  at  quick  injection 
should  be  made. 

Animals  which  have  become  cold,  cold-blooded  animals  or  their 
organs,  must  be  heat«d  up  to  39^  C,  if  gelatin  injection  masses  are 
to  be  used.  This  is  t>ei4t  done  by  placing  the  tissues  in  normal  saline 
at  a  temf>eratii  re  of  40^"  C. 

To  obtain  good  results,  only  a  slight  pressure  is  used  to  begin  with, 
but  gradually  towards  the  end  it  should  be  raised.  A  satisfactory 
injection  of  a  sheep's  eye  will  take  Efteen  to  twenty  minutes,  aud 
sometimes  even  longer. 

For  injecting  whole  animals,  down  to  the  size  of  guinea-pigs  and 
rats,  I  use  the  same  apparatus  which  is  employed  for  the  injection  of 
fixing  solutions  (p.  145).  For  smaller  animals,  such  as  mice,  &oga, 
and  newts,  it  is  preferable  to  have  a  pressure-bottle  fitted  to  the  tap 
of  the  water-pipe  and  connected,  by  means  of  a  T-shaped  glass  canula, 

Lboth  with  a  manometer,  and  also  with  the  flask  containing  the  injection 
mass. 
Solid  Injection  Masses. 
I.  Carmin-gclatin  mass  (first  recommended  by  Robin,  1871),  . 
Take  250  grms.  of  the  best  gelatin,  soak  it  in-  750  cc,  of  distilled 
water,   and   dissolve  it  on  a  water-bath  after  it   has  become  soft. 
When  it  is  completely  melted,  add  150  grms.  of  best  carmin  dis- 
Polvetl  in  75  cc.  of  distilled  water  containing  25  cc.  of  ammonia. 
^    Add  the  ammoniacal  carmin  to  the  boiling  hot  gelatin,  stirring 
all    the    time.      As   hoou   as   the   carmin   and   gelatin    liave    lieen 
thoroughly  mixed,  add  50  per  cent,  glacial  acetic  acid  iu  quantitiea 
*  I  beard  of  tkis  metbod  io  the  AnaioiQical  Department,  Edinturgb. 
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of  at  first  I  ccm.,  and  later  ia  drops.   Insure  thorough  mixing  of  each 

newly-added  portion  of  the  acetic  acid  with  the  whole  of  the  gelatin 
carmin.  Do  not  add  any  more  acid  if  five  minutes  after  the  last 
addition  the  originally  transpai-ent  colour  haa  been  permanently 
changed  into  a  distinctly  of)aque  one,  Kanvier  tells  the  point  of 
n©utrali7Ation  by  smell,  which  I  am  unable  to  do,  for  to  me  the  boil- 
ing gelatin  appears  to  give  off  ammonia,  and  to  make  red  litmus  paper 
blue  at  a  time  when  the  gelatin  has  already  ac<iuired  its  permanent 
opaque  appearance.  Filter  the  carmin-gelatin  through  a  square 
piece  of  flannel,  measuring  50  cm.  (18  inches)  along  each  side,  which 
has  been  attached  by  its  four  comers  to  a  metal  ring.  Let  the  hot 
solution  run  into  a  litre-bottle  containing  2  grms.  of  carbolic  acid. 
This  mass  keeps  for  years. 

2.  Lead  chronxate-gcJat in  {Thiersch' s  formuluy  1865). 

Soak  gelatin  in  distilled  water  for  2  hours ;  let  the  superfluous 
water  run  oft";  melt  the  gelatin  on  a  water-bath  and  divide  it  into 
equal  parts  A  and  B.  To  every  40  cc.  of  the  portion  A  add  30  cc. 
of  a  10  per  cent,  solution  of  lead  nitrate,  and  to  every  40  cc  of  £ 
add  10  cc.  of  a  10  per  cent,  potassium-chi-omate  solution. 

While  both  solutions  A  and  B  are  heated  to  the  boiling-point  add 
B  to  A,  stirring  constantly.     Filter  through  flannel  and  pmserve. 

I  make  up  this  solution  either  in  the  evening  or  in  thw  photographic 
dark  room,  to  prevent  the  light  rendering  the  gelatiu>bichromate 
mixture  insoluble. 

3.  Barium  s\tlphaic-gduim  (first  recommended  by  Frey,  1866). 

It  will  generally  be  found  best  to  prepare  the  barium  sulphate 
separately  and  then  to  add  it  to  the  melted  gelatin.  I  add  to 
a  10  per  cent,  boiling  solution  of  barium  chloride  10  per  cent,  sul- 
phuric acid;  let  the  sulph,ate  settle  for  24,liou]'8;  syphon  off  the 
water  containing  the  hydrochloric  acid  ;  shake  up  the  barium  sulphate 
with  distilled  water  and  allow  it  to  settle  again.  After  repeating 
this  process  of  washing  once  again,  the  sulphate  is  dried  and  kept 
till  iiec|uired. 

trelutin,  staked  in  water  for  2  hours*  is  melted  in  the  water  it  has 
absorlK-'d,  and,  when  boiling,  is  poured  into  a  mortar  in  which  the 
required  amount  of  Ijarium  sulphate  has  been  convert<"d  into  a  thin 
paste  with  distilled  water.  Ten  grams  of  barium  sulphate  for  every 
100  ccm.  of  injection  mass  will  be  found  sufficient. 

The  advantages  of  the  above  methods  are:  all  three  solutions  run 
with  great  ease,  especially  the  lead  chromate-golntin,  and  they  fill 
even  the  finest  capillaries ;  the  carmin-gelatin  mixture  is  trans- 
parent, and,  either  by  itself  or  in  preparations  stained  slightly  in 
Elirlicirs  acid  haematein  (p.  239),  makes  very  instructive  preparations  ; 
the  lead  chromate  injections  api>ear  equally  effective  whether  they 
be  viewed  with  transmitted  or  reflected  light  ;  the  barium  sidphate 
mixture  is  especially  to  be  recommended  for  photographic  purposes. 

4-  The  sihcr  nitrafc  injection  methods  are  given  under  the  lymph- 
vessels  (pp.  160-162). 
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The  method  of  filling  the  biood't'cssels  of  a  tcarm-hlooded  animal  mih 
an  injection  mass.  i.  See  that  the  tipparatus,  and  especially  the  pres- 
sure bottl*».  la  in  good  urder.  2,  Warm,  according  to  the  size  of  the 
animal  (ni)>bit  or  cat),  500  to  1,000  cc.  of  normal  saline,  and  a  similar 
amount  of  the  injection  mass,  to  40*^  C.  3.  Kill  the  animal  with  coal 
gas  to  produce  a  complete  dilatation  of  the  blood-vessels '.  4.  Fill  the 
ingection  tube  and  ainnla  with  normal  saline,  taking  great  care  to 
g«t  rid  of  all  air-bubbles.  5,  Inject  the  animal  according  to  the 
procedure  given  on  p.  145.  Wash  out  its  vascuhir  sj'slem  with 
normal  saline  under  a  low  pressure,  then  raise  the  pressure  just 
before  the  gelatin  injection  mass,  enters  the  l>ody.  6.  Blow  the 
hjurs  apart  to  see  whether  the  skin  has  turned  of  a  red  colour  all 
over  the  body,  as  it  should  do  in  5  to  10  seconds.  7.  When  the  injec- 
tion mass  is  seen  to  I>e  pouring  out  of  the  right  ventricle,  pass 
a  ligature  round  both  ventricles  and  tighten  it  up. 

To  obtain  good  results,  introduce  into  the  vascular  system  a  quan- 
tity  of  injection  mass  equal  to  at  least  5  times  the  normal  amount 
of  blood  ;  thus  a  full-^rown  rabbit  will  require  450  t^  500  cc  of 
injection  mass,  the  greater  part  of  which  lodges  in  the  abdominal 
vessels. 

If  it  1>e  desirable  not  to  inject  the  whole  animal,  any  district  of 
blood-vessels  is  readily  eliminated  by  ligatures  or  arterj'  forceps,  the 
injection  mass  entering,  as  stat4>d  above,  through  the  aorta. 

It  will  be  seen  that  in  injecting  a  whole  animal,  the  tissues  of 
which  are  surviving,  I  adopt  a  plan  the  opposite  to  that  given 
alnjve  for  the  trefitment  of  excised  organs.  The  reiison  for  starting 
with  a  high  pressure  is  to  get  all  the  bigger  vessels  of  the  arterial 
system  filled,  befoi-e  the  irritation  caused  by  the  injection  mass  will 
allow  them  to  contract  and  to  offer  a  great  resistance  to  the  inflow 
of  the  fluid. 

In  dealing  with  the  lung,  inflate  it  to  its  normal  size ;  ligature  or 
clamp  the  trachea  ;  insert  the  canula  into  the  pulmonary  artery 
through  the  right  ventricle,  and  clarnp  the  left  ventricle  after  the 
blood  has  been  washed  out  by  the  injection  fluid.  To  inject  the 
heart,  tie  the  canula.  looking  towards  the  heart,  into  the  aorta. 
Both  in  the  case  of  the  lung  and  the  heart  use  gentle  pressure  so 
ma  not  to  damage  the  fine  oa[>illaries  or  the  aortic  valves.  Inject, 
therefore,  for  20  minutes  under  a  low  pressure. 

Lymph- vessels  are  best  injected  with  solutions  remaining  fluid  at 
the  ordinary  tem[»eraturt',  similar  to  those  enumerated  below.  It 
will  generally  be  found  advisable  to  first  inject  the  blotnl-vessels 
with,  for  example,  a  red  mass,  and  after  this  has  cooled  to  fill  the 
lymph-vessels  with  a  blue  solution.  To  obtain  good  injections  of 
lymph-vessels  requires  very  tine  glafs  canulae,  an  injection  mass 
containing  no  granules,  experience,  and  patience.  The  slower  lymph* 
vessels  are  injected,  the  letter  will  be  the  result. 

Having  chosen  an  organ,  for  example  a  stomach  or  Icidncy,  fill 

*  Amyl  nitrite  hM  been  recommended  for  tliLt  purpose,  but  I  do  nut  uav  it  for 
pertouai  reaHOOH. 
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aa  ordinary  injection  syringe  with  the  mass  to  be  injected ;  tie  the 
fine  glass  canula,  h^d  in  a  short  stout  piece  of  indiarubber  tubing, 
to  the  syringe  ;  invert  tlie  syringe  so  that  its  point  looks  upwards ; 
gradually  push  in  the  piston  to  drive  all  air  out  of  the  glass  canula  ; 
insert  its  point  just  benemth  the  serous  coat  and  inject  very  gently. 
If  a  bleb  or  bulla  forms,  or  if  the  zone  round  the  point  of  the  canula 
is  very  much  deejier  in  colour  than  the  more  outlying  parts,  another 
place  should  be  chosen,  and  the  process  repeated,  because  the  injec- 
tion mass  is  not  entering  the  normal  lyniph  channels. 


Fluid  injection  mosses. 

I.  Soluble  Prussian  hlue  was  first  used,  according  to  Brllcke,  by 
Schroder  van  der  Kolk,  and  subsequently  by  Ludwig,  Ranvier,  and 
others.     Paul  Mayer  prepares  it  aa  follows : 


.  j    Potassium  fernicyanide        .         .         ao  grm. 

\  Water 500  cc 

^  j    Liquor  ferri  soiiqaichlorati 


10  cc. 
Water 500   „ 


Add  slowly  B  to  A,  stirring  all  the  time.  Let  the  precipitate  settle 
overni^'ht  Syphon  off  the  supernatant  liquor.  Transfer  the  pre- 
cipitate to  a  filter,  and  wash  repejitedly  with  small  quantities  of 
distilled  water  for  i  to  2  days,  till  the  filtrate  is  turning  deejvblue. 
Now  dissolve  the  whole  of  the  precipitate  in  one  litre  of  water. 
or  dry  it  for  future  use.  This  soluble  Prussian  blue  must  be  used 
in  a  saturated  solution,  and  to  prevent  tt  fading  in  contact  with 
alkaline  tissues,  acidulate  it  with  acetic  acid  (Rawitz), 

For  injecting  blood-vessels  5  per  cent,  of  gelatin  may  be  added 
to  it. 

2.  Indian  ink  after  Grosser's  method'  gives  very  good  results, 
provided  a  good  sample  of  Indian  ink  is  obtained.  Rub  the  stick  on 
a  glass  plate  till  the  ink  is  of  such  concentration  that  it  will  not  run 
when  placed  on  blotting-paper. 

3.  Tandler^  uses  gelatin  which  remains  fluid  at  the  ordinary 
temperature.  His  injection  mass  is  prepared  as  follows:  Wash 
gehitin  with  distilled  water  to  remove  all  salts ;  dry  it ;  place 
5  grms.  of  this  pure  gelatin  in  100  cc.  of  water ;  let  it  swell  and 
then  melt  it ;  now  odd  soluble  Prussian  blue  according  to  the  deptb 
of  tint  required,  and,  finally,  very  gradually  add  5  to  6  grms.  of 
pot&asium  iodide,  because  addition  of  salts  to  gelatin  always  lowers 
its  temperature  of  setting.  This  mass  remains  fluid  at  17^^  C,  and 
keeps  indefinitely  if  a  few  thymol  crystals  are  added. 

4.  Silver  nitrate  solutions  are  best  used  according  to  Ranvier'a  direc- 
tions. The  simplest,  but  least  satisfactory  method  is  to  inject  & 
silver-nitrate  solution  (i  in  300  to  500  cc.)  into  either  blood-vessels  or 
lymph-vessels.  A  better  method  for  blood-vessels,  and  the  best  for 
lymph- vessels,  is  to  use  a  mixture  of  gelatin  30  grms.,  water  90  cc, 

'  Oroaaer :  Zeitaehr./.  wiaa.  Mikr.  17,  178  ( 1900V 
*  Taudler  :  Ziitachr.f.  wits.  Mikr.  18,  aa  (,1901). 
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r  percent,  silver  nitrate  20  to  40 cc. — The  best,  although  moat  tedious, 
method  for  blood-vessels  is  to  use  in  the  first  instance  a  quarter  per 
Cent,  solution  of  silver  nitrate,  allowing  it  to  act  for  3  to  5  minutes, 
and  then  to  wash  out  this  solution  with  10  per  cent,  gelatin,  to  which 
s  mere  trace  of  carmin  has  been  a<lded.  The  object  of  either  com- 
bining the  silver  nitrate  with  the  gelatin,  or  of  using  the  latter 
flubsequently,  is  to  get  the  vessels  in  their  normally  distt«nded 
shape.  Good  results  are  also  obtained  by  washing  out  the  silver 
nitrate  with  10  per  cent,  formol,  and  keeping  the  vessels  dilated  with 
this  solution  till  the  tissues  are  fixed. 

TJic  li^ph -vessels  in  the  central  tendon  of  the  diaphragm. 

To  inject  tho  central  tendon  of  the  diaphragm  the  following  special 
methods  have  been  used  : 

1.  Recklinghausen  ^Strieker s  Handhttch,  p.  222)  kills  a  rabbit, 
opens  the  chest,  tilts  up  the  lungs  and  heart,  and  introduces 
a  round  cork  frame,  which  rests  on  the  diaphragm.  The  abdomen  is 
next  opened,  and  the  central  tendon  pinned  over  the  aperture  of  the 
cork.  Then  the  cork,  with  the  tendon  attached  to  it,  is  excised,  placed 
on  a  microscope,  and  the  peritoneal  surface  of  the  tendon  covered 
with  a  few  drops  of  milk  diluted  with  sugar  scvlution.  On  examina- 
tion with  a  low  power  little  eddies  and  vortices  are  seen.  On  wash- 
ing off  the  milk  after  a  few  minutes,  milk  globules  are  seen  in  the 
lymphatics  of  the  diaphragm.  Therefore  solid  imrticlea  may  1>e 
absorbed  from  the  peritoneum. 

2.  Ludwig  and  Schweigger-Seidel  (1867)  kill  a  rabbit  by  bleeding; 
open  the  abdumen  and  occlude  by  one  ligature  the  openings  of  the 
oesophagus,  aorta,  and  vena  cava ;  cut  off  the  posterior  half  of  the 
rabbit,  carrj'ing  the  incision  behind  the  diaphragm.  They  then  fix 
a  canula  into  tho  trachea  and  connect  it  with  a  pair  of  bellows  ;  pass 
three  or  four  pieces  of  string  through  the  skin  of  the  rabbit  close  to 
the  diaphragm,  with  which  to  saspend  tho  rabbit  from  a  metal 
ring,  with  its  head  hanging  down  ;  the  peritoneal  surface  of  the 
diaphragm  is  then  covered  with  a  solution  of  water-soluble  Prussian 
blue,  and  artificial  respiration  is  practised  by  means  of  the  l>ellows 
for  about  ten  minutes  ;  the  diaphragm  is  then  washed  in  water  to 
remove  the  superfluous  blue  and  is  finally  fixed  in  alcohol. 

For  examination  the  tendon  is  excised,  cleared  in  acidulated 
glycerin,  and  mounted  on  a  glass  plate. 

3.  Ranvier's  method  {Trait6  technique  d'BistoIoffie,  1 875-1 882). 
Kill  a  rabbit,  carefully  excise  its  diaphragm  and  tie  it,  with  the 
peritoneal  surface  outermost,  over  one  end  of  a  glass  cylinder,  after 
the  manner  of  a  dialyser.  Then  fill  the  cylinder  to  the  ext^-nt  of 
one  inch  with  a  i  :  1,000  silver-nitrate  solution,  and  immediately 
immerse  the  peritoneal  surface  of  the  diaphragm  into  i :  500  silver 
nitrat«'.     Keep  the  diaphragm  for  half  an  hour  in  a  dark  place, 

'  RAnvier  doM  not  sUto  whether  he  kiicpa  the  diaphrmgm  Id  the  diirk,  nor 
whether  he  WMh«e  it  b«for«  reduction  takes  place.  The  attove  method  gives  the 
bast  reeoita. 
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when  by  endosmosis  all  the  l3rmph-ve88els  will  be  filled.  Kow  WMh 
the  diaphragm  in  several  changes  of  distilled  water,  fix  in  aloolwl 
and  expose  to  light  in  50  per  cent,  spirit.  When  alig^tly  bnmn, 
dehydrate  it  and  mount  in  balsam. 

Another  method  of  Banvier's  consists  In  xapidly  washing  the 
diaphragm  in  distilled  water ;  transferring  it  for  one  hour  to  i :  1,500 
silver  nitrate  in  the  dark ;  washing  it  again  in  distilled  wi^; 
macerating  it  for  fifteen  to  twenty  hours  in  distilled  "water,  to  wludi 
a  few  drops  of  a  i  per  cent,  carbolic  acid  are  added  to  prevent 
putrefaction,  and  fin^y  brushing  off  the  endothelium,  or  simjdy 
detaching  it  by  washing  in  water.  This  method  sho^irs  the  same 
appearance  as  that  produced  by  Ludwig  and  Schweigger-Seidd's 
process. 


PART  III. 


I 
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CHAPTER  Xn, 

Methods  of  obtajnikg  SEcnoKs. 

Encasing  Methods. 

Ih  the  early  dnys  of  Histology  the  only  method  available  for 
cutiing  sections  was  to  hold  the  tissue  either  between  one's  fingers 
or  to  encase  or  surround  it  by  some  medium  of  sufficient  consistency 
to  support  it  securely,  without  crushing.  The  media  usually  em- 
ployed for  this  purpose  wore  waxy  liver,  obtained  from  the  post- 
mortem room,  or  ordinary  liver  hardened  in  alcohol ;  further,  carrots, 
elder-pith,  wax.  and  simOar  substinnces.  The  tissue  and  its  cjise 
were  cut  together,  and  the  latter  removed  before  mounting  the 
sections  permanently.  A  method  still  to  be  recommended  for  rapid 
orientation. 

In  Cambridge ',  the  following  methods  are  used  : — A  piece  of  brass 
tubing,  about  one  foot  long,  measuring  2  cm.  internal  nieastirement, 
and  provided  with  a  piston,  is  oiled  InsidOi,  and  then  filled  with 
a  melted  mixture  of  paraffin  (2  parts)  and  vaseline  (i  part).  The  tube 
and  contents  are  cooled  under  the  tap ;  the  solid  rod  of  the  paraffin 
mixture  pushed  out  and  cut  into  lengths  of  about  4  cm.^  Use  the 
paraffin-blocks  as  follows  1 

Heat  a  stout  wire  over  a  Btinsen  flame,  and  with  it  melt  the  c^^^-ntre 
of  one  end  of  the  paniffin-bk*ck,  Pl.ice  the  tissue  (which  has  Iteen 
previously  dried  with  cigarette  paj^er,  to  remove  the  superficial 
moisture)  in  the  melted  paraffin  ;  with  a  hot  needle  arrange  it  in  the 
desired  plane,  removo  jaxy  air-bubbles  which  may  be  in  the  paruflin 
with  the  hot  needle  and  allow  the  mixture  to  cool. 

An  older  method,  which  is  also  very  efRcacious,  consists  in  rising 
elder-pith.  It  should  l>o  divided  longitudinally  with  a  sharp  scalpel, 
and  a  groove  or  hollow  lie  cut  into  one  or  both  halves  of  the  pitli  for 
the  reception  of  the  tissue,  Wlien  the  latter  has  been  placed  in 
position,  a  thread  is  tied  round  the  two  pieces  of  pith,  and  they  are 
immersed  in  spirit  for  fifteen  minutes  to  cause  them  to  swell. 

Sections  are  cut  in  the  following  way :  Hold  the  encased  tissue 
between  the  thumb  and  the  distal  joint  of  the  index  finger  of  the  left 
hand  ;  keep  the  second  phalanx  of  the  index  finger  in  a  horizontjil 
plane ;  rest  the  heel  of  a  sharp  razor  for  its  support  firmly  nn  the 
index  finger,  and  with  the  edge  looking  towards  you,  gradually  pull 
the^rftzor  from  heel  to  point  through  the  pith  and  the  tissue. 

Foflter  and  Langloy  :  Elemtntary  Praeticat  Phyaiolog^  and  IlitbAoffjt-     MacminnJl, 


1896. 


In  aa  emergency  ch««p  {laraffin  candlos  answer  well. 
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wttd  a  layer  of 


>ng  alcohol  tf 
IIm  liMiMB  bifcv«  Waft  i3w4  If  it  bs  iiand  that  the  salt  solution  has 
A  WMltMjr  l»  iiXO[^  dH  MMMV*  alt  ttt  OBwfuUy  before  commencing  lo 
ml  iMUMHk  IW  kfttflK  |<rt«i  I  Sod  the  following  method  best  - 
M««l  ik  MftHi  tyidl  ili  % >iiliilfci  W  the  Uiling-point,  let  it  run  orer 
lk«  )r«MN\  «bii  w^kl»  lih«  kiter  is  »till  hot,  drop  some  ether  on  it, 
U3k\M4.  <mr«  UmI  I^  «llwr  maa  eC  i.>&  now  placing  the  razor 
w*lM^  il  •^mNI  ga  vilik«ik»wal»  W  wetted  quite  uniformly. 


ri^y 
alJH 


Y«4  Mi«4K#r  iM#llb^.  whieh  fivM tnaMsmek  coaststency  as  to 

wTMH^tivtM  b«ti«)t  c«il  ♦aaMar^iatkat  ^Smmmn  d  by  Stilling  on  January  as 
,M  .  I  ...^  .^...k  imwmlifial  ksvifey  bit  a  piece  of  spinal  cord  oe 
|l  UMlil  Wdft<MMikaid  at  a  temperature  of  ~ 1 3°R 


\>  iMU-  t«    wifc'.  i»  «^  MMlittMa  Siftfiag  made  a  transverse  section 

1^  ttttion  under  a 


lltr^»UKh  tl»  aiMl  MHMhMI  li*  ttttion  under  a  magni6cation  of 
t<\  dUUHvlMCi  'WtMft  T  mm  1^  BU^ficent  radiating  bundki^ 
Mh«l  fh*  «*ttll«l  lnMi»  of  MTTw,  I  natiwd  that  I  had  discorexed  th* 
li-  '•  WMM  <»fMI  «|^  tW  «kMBb«t8  of  the  wonderful  structure 

v«  imU  ««r4     N«l  ■»(•  ^ftdly  did  Archimedes  c&U  out 

•iVv^'**  ^it**!^  ^'^^^  I  *^'>^^  ^"^  **  WhuMing  that  sight ! ' 
Siiusi  thta  tiu)«  alM  dftlM  tiM  MAking  of  serial  sections. 


Iiub«dding  Methods. 

An  advam^  failllHaf  mH—i  was  made,  when  instead  of  simply 
«iu*Aaiit|i  tiiMiMt  th»y  w»r»  parmeated  by  or,  as  it  is  termed  teclmi- 
ohIIv.  iu)b(HUI«Hl  iu  th*  supporting  medium. 

A*  W«lknf  media. 

Witli  Fol '  ^vo  way  divida  the  processes  of  imbedding  into  two 
•)«»M«»,  n»«i»»'ly.  tl'*'  tisauas  aw  either  impregnated  with  wateiy  media, 
Miioh  AH  KJiKiir  «iul  v'lHii  {Haiuillon,  1878),  soap  (Kadyi,  1879),  gelatin 
(HollfiM,  \W^),  ntl»uniiii  (Kol.  1896X  or  they  are  thoroughly  dehydrated 
niui  ili»tii  p«*wod  into  colloidin.  paraffin,  wax,  or  other  fatty  substances. 

Of  the  walory  nuMlia  just  mentioned,  Hamilton's  mixture  la 
(ntfxm  ;  i\w  soaj*  i*  allowtHl  io  evaporate  tiU  it  becomes  sufhcientljf 
hard ;  thr<  (ft'laliii  is  <u>jigulate4.1  either  by  alcohol,  chromic  acid  (Kleba), 
f<jrmol  (Nicohw),  or  it  is  frozen  (Soil as) ;  the  albumin  is  coagulated 
either  hy  heat  or  alcohol. 

For  general  wmk  a  mixture  of  equjil  parts  of  cane-sugar,  gum-arabic 
and  one  to  two  parts  of  water  will  be  found  the  most  convenient 
The  gum  is  placed  in  a  muslin  bag,  and  susjwnded  in  water  heated 
on  a  water-bath,  till  it  has  completely  melted  ;  then  the  sucrar  is 
treated  similarly  in  a  fresh  bag,  and  allowed  to  diffuse  into  the  gum 
solution.  While  still  hot  filter  the  gum-sugar  mixture  through 
flannelf  and  add  to  the  filtrate  either  phenol  (carbolic  acidj  or  thymol 

'  Ltkrhtnlt  d.  rrrgk.tX.  mikr.  An<ii4imU,  115(1896). 

•  For  paitioolara  mm  Lm  aod  Mayor,  artmdeHg,  d,  mikr.  Ttehuk,  91-94  (i8g8). 
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in  the  proportion  of  i  :  i,ooa  Tissues  should  be  left  in  this  imbed- 
ding mass,  according  to  size,  from  one  to  three  days  or  even  longer. 
Ford  Robertson  recommeiiids  a  20  per  cent,  pure  dextrin  solution, 
which  I  find  answers  also  very  well. 

B.  Dry  rmbeddinff  methods. 

Whatever  good  results  have  been  obtained,  and  are  still  obtain- 
able, by  the  wet  iml>edding  process,  there  ia  always  a  great  risk  of 
damaging  the  sections  during  the  process  of  mounting,  and  the 
diiBculty  in  obtaining  serial  sections  of  uniform  thickness  is  almost 
insurmountable. 

These  difficulties  are  overcome  by  the  two  dry  methods  of  celloidin 
and  paraffin  imbedding,  both  of  wbich  require  that  all  traces  of 
water  be  removed  from  the  tissues  by  the  process  of  dehydration. 

On  dehydrating,  doedcohoLating,  and  clearing. 

Dehydration,  To  dehydrate  tissues  without  causing  an  undue 
shrinkage,  it  ia  necessary  to  transfer  them  gradually  to  alcohols  of 
increasing  strength.  How  many  changes  of  alcohol  are  required 
depends  on  whetlier  the  alcohol,  in  addition  to  dehydrating,  has 
also  to  extract  the  reagents  which  vrere  used  for  fixing  ilm  tissues. 

In  practice  the  fullowing  changes  will  in  most  cases  be  found 
sufficient: — Three  changes  of  60  per  cent,  alcohol  to  extract  the 
greater  part  of  the  fixative  ;  two  changes  of  75  per  cent,  and  one 
change  each  of  85  and  95  per  cent,  alcohol ;  and  finally,  for  com|>Iete 
dehydration,  at  least  three  changes  of  absolulo  alcohol.  It  is  this  last 
stage  which  is  usually  burriod  over,  and  in  consequence  much 
greater  shrinkage  results  in  the  paraffin  process  than  would  other- 
wise be  the  case. 

The  table  on  p.  166  indicates  how  to  obtain  alcohol  uf  any  given 
strength. 

The  figtires  are  calculated  to  express  what  amount  of  water  has  to 
be  added  to  100  cc.  of  alcohol  of  any  given  strength  (top  horizontal 
line)  to  obtain  a  desired  percentage  of  alcohol  (left  vertical  line). 
Thus  to  make  50  per  cent,  alcohol  from  75  j^*t*r  cent,  alcohol,  we  take 
100  cc.  of  75  per  cent,  alcohol,  and  add  52-43  of  distilled  water.  The 
volume  on  the  left  gives  the  specific  gravity  of  the  different  strengths 
of  alcohol,  pure  absolute  ethyl  alcohol  having  a  specific  gravity  of 

Dcalcoholation.  After  complete  dehydration,  it  ia  essential,  if  the 
parafBn  process  is  to  be  used,  to  get  equally  thoroughly  rid  of  the 
alcohol  (dealcoholation  '). 

This  removal  of  the  alcohol  by  some  medium  which  will  mix  with 
it,  and  also  with  paraffin,  is  not  of  necessity  accompanied  by  what  is 
usually  called  '  clearing  '  a  tissue  or  section. 

Clearing  a  tissue  means  to  render  it  transparent,  which  may  be 
done  by  any  medium   having  a  refractive  index  similar  to  that 

'  I  am  encouniged  in  introducing  this  word  by  some  remarks  which  Le«  has 
made  in  the  fint  oditiou  of  Leo  and  Mayer,  p.  63. 
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possessed  by  the  tissues  themselves.     Both  water  and  alcohol  have 
a  low  refractive  index,  while  the  tissues  have  a  high  one,  in  conse* 


i 
I 


00 

» 

^ 

% 

CO 

r 

■>«■ 

s^ 

N« 

00 

« 

^ 

^ 

a 

•^ 

M 

to 

9> 

■>«• 

lO 

m 

m 

y, 

M 

lO 

CO 

r« 

M 

n 

« 

S 

s. 

'^ 

M 

CO 

lO 

1 

^ 

6 

n 

CO 

% 

^ 

f 

'T 

eo 

% 

r> 

^ 

6. 

§ 

$ 

H 

s 

M 

o 

"& 

^ 

S 

S^ 

8^ 

'^ 

s 

9* 

1 

1 

00 

M 

CO 

■>«• 

^ 

00 

00 

M 
M 

o 

M 

00 

00 

T 

M 

1 

M 

00 

5- 

'^ 

M 

M 

% 
% 

CO 

a 

lO 

'ft 

8. 

M 

CO 
lO 

M 

^ 

s 

^ 

;8 

? 

s- 

J 

00 

CO 

H 

o 

s 

M 

t- 

lO 

■* 

lO 

00 

CO 

l-l 

♦ 

CI 

M 

M 

n 

CO 

'T 

NO 

00 

o 

H 

eo 

M 

^ 

CO 
00 

00 

M 

1 

^ 

^ 
♦ 

8^ 

8. 

CO 

c- 

8, 

i 

1 

M 

W 

^ 

% 

gi 

<g^ 

s» 

CO 
lO 

^ 

00 

H 

CO 

«? 

^ 

CI 

d 

Hi 

m 

M 

CI 

M 

CO 

M 

s? 

^ 

^ 

■H 

1 

■n 

g, 

^ 

1 

NO 

M 

« 

^0 

M 

"8^ 

^ 

S 

s 

S 

o> 

^ 

m 

S 

i 

^ 

8> 

«ff 

00 

^ 

M 

M 

CI 

II 

» 

a 

00 

s 

?J 

g. 

.s* 

<2 

^ 

s, 

S- 

» 

!!> 

It-'' 

§ 

CO 

f 

00 

f 

M 

8^ 

Ok 

g 

■♦ 

s 

CO 

d: 

M 

00 

« 

6 

6 

6 

** 

6 

6 

o 

** 

0 

6 

o 

6 

6 

PARAFFIN  AND  CELLOIDIN  METHODS 


167 


quence  of  which  the  light  is  rofracted  and  reflected  from  the  hetero- 
genous DiLxturtj,  while  the  tissue,  with  all  its  interspaces  filled  with 
a  highly  refracting  medium,  forma  one  homogeneous  mass  which 
does  not  refract  and  reflect  the  light.  A  table  of  refractive  indices 
will  he  found  on  p.  377.  • 

When  therefore  the  alcohol  is  replaced  by  a  solvent  of  paraffin,  the 
tissue  may  either  become  quite  transparent  if  the  medium  has  a  high 
refractive  index,  a^  for  example  xylene  or  benzene,  or  it  may  retain 
its  opaque  look  if  chloroform  or  carbon-disnlphido  is  used. 


The  advantages  and  disadvantageB  of  the  Paraffin  and 
Celloidin  methods. 


Histologists,  as  far  as  these  imbedding  methods  are 


conce 
ieve 


rned- 


TOay  be  grouped  into  two  classes,  namely,  those  who  believe  with 
Ap?tthy  that  celloidin  is  much  superior  to  paraffin,  and  those  who 
give  preference  to  paraffin.  Each  method  has,  however,  its  advan- 
tages and  disadvantages.  With  pai*affin,  either  by  itself  or  in  con- 
junction with  celloidin,  complete  serios  of  sections  are  more  readily 
obtainable  because  of  the  sections  adhering  to  one  another,  or,  as  it 
is  termed,  forming  ribbons.  If  time  is  all-important,  and  a  trained 
assistant  not  procurable,  the  paraffin  method  will  allow  of  quicker 
work  than  the  original  wet  celloidin  process. 

Paraffin  used  to  have  the  further  advantage  of  allowing  thinner 
sections  to  be  cut,  but  since  the  introduction  of  tlie  dry  celloidin 
methods  this  difficulty  has  been  overcome.  Paraffin  sections  are 
easier  to  fix  to  the  slide  than  celloidin  sections,  and  while  the  paraffin 
ean  readily  be  romo\'ed,  leaving  nothing  hut  the  tissue,  the  celloidin 
cannot  be  removed  without  running  some  risk  of  the  sections  leaving 
the  slides.  Further,  it  is  impossible  to  stain  sections  imbedded  in 
celloidin  with  strongly  basic  dyes,  because  the  celloidin,  being  an 
acid  substance,  becomes  deeply  coloured  at  the  same  time. 

The  great  drawbacks  to  paraffin  are  the  shrinkage  which  tissues 
undergo  when  heated  alrove  45°  C,  and  the  hardness  acquiK>d  by 
^ome  tissues,  such  as  white  fibrous  tissues  and  glycogen-liver.  It  is 
further  impossible,  without  special  manipulations  (p-  171),  to  cut 
paraffin  sections  of  the  lens,  adult  decalcified  bone,  and  teeth. 

Fur  micro-chemical  work  the  celloidin  method  in  many  instances 
will  have  the  preference,  because  heat  action  has  been  avoided.  Both 
methods  should  be  used,  for  each  has  its  own  special  advantages. 

On  FarafiQji  imbedding. 

The  principle  underlying  the  paraffin  imbedding  process  is  to 
dehydrate  a  tissue  with  absolute  alcohol ;  to  replac^j  the  alcohol  with 
a  solvent  of  paraffin  -,  to  impregnate  the  tissue  with  solid  paraffin 
dissolved  in  the  solvent  ;  to  remove  the  solvent  of  the  paraffin  and 
to  obtain  the  paraffin  in  a  homogeneous  firm  state  so  that  it  may 
support  all  the  tissue  elements. 

As  jiaraffin,  if  we  allow  the  solvent  to  evaporate  at  the  ordinary 
temperature,  forms  a  spongy,  loose  mass,  we  must  have  recours^^ 
to  heat  and  melt  the  paraffin  ;  and  as  it  is  best  not  to  heat  certai"^ 
tissues  beyond  definite  degrees  of  temperature,  and  also  to  avoid  ai 
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cooling  of  the  paraffin,  we  make  use  of  special  warm  chambers,  colled 
incubators,  and  provide  them  with  automatic  regulat^irs. 

Who  first  impregnated  tissues  with  paraffin,  I  have  not  been  able 
to  find  out.  Giesbrecht  deacribea  a  chloroform-paraffin  imbedding 
method  on  September  12,  1881,  in  the  Zool  Anzciger,  and  O.  BOt- 
achli  and  F.  Blochmann,  on  Dec.  28  of  the  aame  year,  in  the  Bio/.  Cen- 
tralblattf  also  advocate  chloroform,  without  referrinjs^  to  Giesbrecht's 
account.  Gaule  {Ametiean  Monthly  Mkr.  Journal,  1882,  14)  is  stated 
to  have  also  discovered  the  paraffin  imbedding  method.  He  passed 
tissues  through  clove  oil,  turpentine,  turpentine  and  paraffin,  and 
ultimately  pure  paraffin. 

The  paraffin  used  for  imbedding  puiposes  is  a  mixture  of  different 
hydrocarbons,  about  50  per  cent,  consisting  of  the  compounds  0^,11,, 
(melting-point  40°  C.) ;  C^jHy  (ni.  p.  44*^  ;  C.jH,,  (m.  p.  48^) :  C,,,H^ 
(m.  p.  5O;  C,,Hm  (m.  p.  60^  ;  C^^U^  (m.  p.  68°).  The  lower  the 
melting-point  of  any  paraffin,  the  greater  is  the  admixture  of  the 
lower  members  of  the  paraffin  series.  These  evaporate  on  heating 
the  paraffin  mixture,  and  in  consequence  the  melting-point  of  what 
remains  is  raised  ;  therefore  do  not  heat  a  paraffin  for  more  than  i  to 
2  degrees  above  its  melting-point. 

For  soft  tissues  I  use  a  paraffin  having  a  melting'-point  of  48^  to  52*^  C., 
and  for  hard  material  paraffin  melting  at  56**  C.  For  structures  rich 
in  white  fibrous  tissue,  the  fatty  paraffin  of  Graf  Spee*  will  be  found 
to  answer  best.  Graf  Spee  recommended  his  paraffin  originally  for 
readily  obtaining  sections  in  ribbons.  This  fatty  paraffin  may  either 
be  obtained  from  Hollborn  and  GrtSbler,  or  Alexander  Frazer  in 
Edinburgh,  or  be  prepared  as  follows :  Ordinary  white  paraffin,  having 
a  melting-point  of  50°  C.,  is  heated  in  a  porcelain  dish  or  enameUed 
iron  vessel  till  disagreeable  white  fumes  are  given  off.  After  the 
lapse  of  one  to  several  houi-s,  according  to  the  quantity  of  jmraffin 
taken  to  begin  with,  the  melted  mass  becomes  brown  in  colour^  and 
has  its  melting-point  raised  .several  degrees.  On  cooling  the  modified 
paraffin  is  greasy  to  the  touch. 

Paraffin  does  not  mix  with  alcohol,  but  we  possess  many  reagents,* 
which  are  luiseible  on  the  one  hand  with  alcohol  and  on  the  other  with 
paraffin.  Such  media  are  used  for  replacing  the  alcohol  in  dehy- 
drated tissues,  and  in  their  turn  have  substituted  for  them  the  paraffin. 

The  best  solvents  for  paraffin,  from  the  histological  point  of  view, 
are  chloroform,  carbon-diaulphide,  cedar-wood  oil,  benzene,  and  xylene. 
For  ordinary  purposes  benzene  and  xylene  are  the  best,  because  they 
are  readily  removed  from  the  tissues  and  the  paraffin,  but  for  very 
delicate  work  chloroform,  carboa-disulphide,  or  cedar-wood  oil  are  pre- 
ferable. All  traces  of  chloroform  must  be  removed,  or  otherwise  the 
paraffin  will  not  form  a  hard  mass  on  cooling,  while  a  slight  admix- 
ture of  cedar-wood  oil  is  in  some  cases  an  a<lvaiitage  (Lee). 

The  subjoined  table  indicates  in  hours  the  length  of  time  tissues 

should  remain  in  the  third  change  of  absolute  alcohol;  in  a  mixture 

of  equal  parts  of  alcohol  and  xylene  (or  benzene) ;  in  pure  xylene  or 

benzene  (three  changes) ;  in  a  mixture  of  equal  parts  of  xylene  (or 

'  Qraf  Spee  :  Z«it»ch.  /.  wiMs.  Mikr.  2,  8  (1885). 
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benzene)  and  paraffin  ;  and  lastly  in  pure  paraffin  (three  changea). 
The  time  is  calculated  fur  tlie  thickness  of  the  tissue  as  its  sur&ee 
diameter  is  immaterial. 


Thieknem  0/  (ifnt*. 

I  mm. 

5  mm. 

tern. 

a  em. 

Tiwu. 

MinuUa. 

ITourm. 

Hottrg, 

Bawt. 

Alcohol,  3rd  chango 
Alcohol  +  xylene    . 
Xylene,  3  ch&nges  eich 
Xylene  +  ptiraffiu    . 
Paraffin,  3  change*  oach 

60 
15 

5 
a 
1} 

5 

9 

10 

5 

-} 
10 

5 

34 

10 
5 

34 

10 

At  the  ordisarj' 
temperature. 

In  the  incubator. 


If  chloroform  la  used  instead  of  xylene,  the  time  given  in  the  tahlo 
should  be  trebled,  while  for  inspissated  cedar-wood  oil  it  should  l>€ 
doubled. 

For  rapid  work^  where  the  best  possible  preservation  is  not  re- 
quired, the  times  given  aljove  may  be  shortened.  For  example,  a  piece 
of  frog's  intestine  may  be  taken  through  the  paraffin  process  com- 
fortably in  an  hour  and  a  half  in  this  way  : 

Fix  and  dehydrate  in  three  changes  of  alcohol  (ten  minutes  each), 
clear  in  two  changes  of  xylene  (ten  minutes  each),  transfer  to 
xylene  and  parairm  equal  parts  at  40"  C.  (twenty  minutes),  and 
finally  into  two  changes  uf  paraffin  (ten  minutes  each),  and  'cast' 
in  a  third  change  of  paraffin. 

Carbon  disulphide,  CS^,  is  recommended  by  Martin  Heidenhain '. 
I  have  given  the  raethotl  a  thorough  trial  during  last  winter  and  find 
it  good.  Its  advantages,  as  stated  by  Heidenhain,  are  those:  (1)  it 
penetrates  with  great  quickness  and  thoroughness,  probably  owing 
to  its  low  molecular  weight  (m.  w.  76).  (2)  The  greater  part  of  the 
iinbedding  process  takes  place  at  a  temperature  of  41°  to  42"  C,  as 
at  this  temperature  3  to  4  parts  or  even  more  paraffin  are  dissolved  by 
one  volume  of  carbon -disulphide.  (3)  The  tissue  may  be  left  for  a  long 
time  at  a  temperature  of  42  C.  without  being  injuriously  affected, 
and  therefore  the  subsequent  stay  at  a  temperature  from  56  to  57"  C. 
may  bo  shortened  to  a  minimum.  (4)  The  C3,  do^  not  oxidize,  and 
therefore  tissues  stained  in  bulk,  for  example  with  haematoxylin,  do 
not  suffer.  The  method  was  found  especially  useful  for  investigating 
heart  muscle. 

The  chief  disadvantage  in  using  CS,  is  its  smell,  but  this  diffi- 
culty is  greatly  overcome  by  the  use  of  well-fitting  glass  stoppers, 
and  by  not  agitating  the  CS^  unnecessarily^  as  practically  no  gas  is 
evolved  till  the  solution  is  shaken  or  moved  about.  When  it  ia 
desired  to  move  the  tissues  about  in  the  carbon-disulphide  jmraffiu 
mixture,  go  outside,  or  to  a  stink-chamber,  remove  the  gliiss  stopper, 
then  mix  the  contents  of  the  vessel,  replace  the  stopper,  and  put  the 
tissue  back  on  the  top  of,  or  inside,  the  incubator. 

Carbon-disulphide  and  alcoholic  mixtures  do  not  keep  indefinitely, 

■  K.  Heidenhain  :  Z<ii*ch.f.  via*.  MOcr.  18,  166  (1901). 
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for  l»th  sulptiur  and  carbon  particles  separate  out.  Pure  CS,  also 
occasionally  undergoes  disintegration,  but  the  CSj  +  paraffin  mixture 
keeps  indefinitely. 

To  get  the  best  possible  results  proceed  thus :  Thoroughly  dehy- 
drate the  tissues  ;  place  them  in  an  equal  mixture  of  CS^  and 
absolute  alcohol,  when  they  will  become  clear ;  transfer  them  to 
three  changes  of  pure  CS„,  when  they  will  become  opaque  ;  place 
them  in  CS.  saturated  with  paraffin  at  30"  C,  when  they  become  clear 
again  j  then  into  CS^  saturated  at  42°  C  ;  and  finally  into  two  baths 
of  pure  paraffin,  eacli  bath  lasting  for  one  to  one  and  a  hiUf  hours. 
Cast  in  some  pure  paraffin. 

How  to  cast  tissues. 
Proceed  thus : 

(1)  A  perfectly  clean  glass  plate  is  rubbed  over  with  a  piece  of 
cloth  moistened  with  glycerin,  to  allow  the  paraffin-block  when  cool 
to  separate  readily  from  the  glass  plate, 

(2)  Two  rectangular  L-shapcd  pieces  of  brass  (Leuckard*9  type- 
metal  boxes)  are  also  covered  with  a  thin  layer  of  glycerin,  and 
arranged  on  the  glass  plate  so  as  to  form  with  the  glass  support  an 
enclosed  space. 

(3)  This  box  is  then  completely  filled  with  melted  paraffin. 

(4)  When  the  paraffin  in  contact  with  the  glass  plate  is  beginning 
to  cool,  as  is  shoT-vn  by  its  becoming  opaque,  the  tissue  is  transferred 
into  the  box  and  arranged  with  needles  in  the  desired  plane,  or,  as  it 
is  termed,  is  orientated.  To  prevent  the  tissue  adhering  to  the 
needles  or  pair  of  forceps,  these  should  be  carefully  boated  up  to 
the  melting-point  of  the  paraffin  ;  on  no  condition  should  they  be  so 
hot  as  to  char  the  tissue. 

(5)  The  glass  plate  with  the  metal  box  containing  the  tissue  is 
quickly  cooled  by  being  immersed  in  cold  water,  care  Ijeing  taken 
not  to  let  the  water  get  into  the  still  fluid  paraffin.  Quick  cooling 
is  essential  because  it  prevents  the  alow  crystallization  of  the  paraffin, 
and  thereby  renders  the  paraffin  more  homogeneous. 

(6)  Should  the  tissue  be  so  bulky  as  to  project  out  of  the  paraffin 
during  the  contraction  of  the  latter  in  the  cooling  process,  the  box 
must  be  filled  up  again  with  melted  paraffin,  before  the  centre  of  the 
fix*st  portion  has  solidified,  and  with  a  hot  needle  the  partly  solidified 
paraffin  must  be  melted  again. 

(7)  When  the  paraffin  has  been  cooled  by  immersion  in  water  for 
10  to  20  minutes  the  two  rectangular  pieces  of  metal  and  the  glass 
plate  are  removed,  and  the  block  is  inspected.  If  it  has  a  homo- 
geneous appearance  it  is  all  right,  but  if  it  has  opaque  streaks  in 
it  or  if  it  looks  milky,  then  some  of  the  solvent  of  the  paraffin  has 
remained  l)ehind. 

Under  these  circumstances  it  ia  best  to  remeltthe  block  containing 
the  tissue  in  the  incubator  and  after  a  time  to  i-ccast,  using  fresh 
paraffin.  Air-bubbles  should  be  removed  from  a  block  of  paraffin 
with  hot  needles,  taking  care  not  to  injure  the  tissue.  The  time  so 
spent  will  repay  itself  when  cutting  the  sections. 
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To  attach  the  paraffin-block  to  the  object-holder  of  the  microtome 
proceed  thus  :  Cover  the  object-holder  with  an  even  layer  of  paraffin^ 
removing  all  air-bubliFes  ;  press  the  paraffin-block  containing  the 
tissue  down  on  the  object-holder  and  fix  it  by  inserting  a  hot  scaljxd 
from  the  four  sides  ;  after  the  block  has  cooled  pare  off  the  super- 
fluous paraffin  firstly  from  the  free  end  ;  then,  placing  the  object- 
holder  on  the  table,  cut  off  with  a  razor,  held  veiiically,  thin  slices, 
taking  car©  that  two  sides  of  the  block  are  kept  parallel  to  one  another. 
On  fixing  the  object-holder  to  the  rocking  microtome,  arrange  the 
parallel  sides  of  the  paraffin-block  in  a  horizontal  plane. 

Using  the  rocking  microtome  it  is  easy  to  obtain  long  ribbons  of 
sections,  as  discovered  by  Caldwell^  if  the  sections  are  not  thicker 
than  6  micromillimetres  ',  and  if  the  sections  are  cut  rapidly.  This 
second  factor  acts,  according  to  Lee,  by  beating  the  paraffin-block 
during  the  process  of  cutting,  and  in  consequence  fusing  together  the 
edges  of  neighbouring  sections. 

Sections  lOfi  thick  have  little  or  no  tendency  to  form  ribl>ona 
with  56"^  paraffin,  but  riblKjns  may  be  obtained  in  the  foUowing  way 
(Cald well-Paul  Mayer  method) :  After  the  paraffin-block  has  been 
cut  into  the  rectiingular  shape,  heat  up  paraffin  having  a  melting- 
]H>int  of  40*"  C.  to  80'' ;  immerse  the  paraffin-block  for  one 
second  in  the  melted  paraffin,  and  as  soon  as  it  has  V>een  with- 
drawn turn  it  round  so  that  the  object-holder  is  lowermost,  Tho 
superfluous  soft  paraffin  runs  towards  the  base.  Finally  remove  the 
soft  paraffin  from  two  sides,  leaving  it,  however,  on  those  other  two 
by  which  we  require  the  sections  to  adhere  to  one  another. 

If  it  be  desired  to  cut  sections  of  a  tissue  lying  some  distance  from 
that  part  which  has  been  cut  last^  increase  the  feed  of  the  microtome 
to  its  full  extent,  replace  the  good  razor  by  an  ordinary  razor,  and 
cut  off  slices.  Do  not  be  tempted  to  remove  a  thick  piece  of  tissue 
with  one  single  sweep. 

Certain  tissues,  such  as  eggs,  the  lens,  skin,  &c.,  become  so  brittle, 
when  taken  through  the  paraffin  process,  that  special  precautions 
have  to  be  taken  to  keep  the  dilTorent  elements  in  their  place.  Mark, 
in  1885',  fell  on  the  plan  of  collodionizing  the  surface  of  the  paraffin- 
hlock  each  time  a  section  had  been  cut.  lleider,  in  1889,  modified 
this  method  by  using  a  mixture  of  equal  parts  of  collodium  (dis- 
solved in  alcohol  and  ether)  and  gum  mastic  (dissolved  in  ether). 
This  mixture  is  thinned  with  ether  till  it  becomes  quite  limpid. 

With  a  brush  paint  a  thin  layer  over  the  surface  of  the  paraffin- 
block,  taking  sj^cial  care  not  to  let  the  varnish  accumulate  on  the 
sides  of  tho  block.  Tlipn  rajiidly  move  your  finger  over  the  varnished 
surface  till  it  emits  a  high  note,  indicating  that  the  ether  has  evapo- 
rated. Cut  the  section  and  fix  it  to  the  slide  as  you  would  an  ordinary 
section,  but  rememlier  that,  because  of  the  varnish,  a  long  time  is 
required  to  ensure  complete  evaporation  of  the  water  on  which  the 

•  A  itiicrAtnillimotre  is  the  t^^Vb  part  of  a  millimetre,  »nd  Is  expressed  shortly 
I'j  lh«  Oref-k  lcttt>r  /j.  In  the  rocking  microtome  each  tooth  of  tho  wheel  ia 
cqii«l  to  0-635  t*>  ^'  ioio-ir  »f  <"^  inch,  therefore  eight  teeth  Are  equal  to  5/1. 

*  Anur.  Naturt^.  19,  6a8  1,1885), 
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section  was  floated  out.  Before  staining,  the  oollodium  and  mastie 
have  to  be  removed  with  alcohol  and  ether. 

Habl  uses,  instead  of  the  collodium,  52°  paraffin  heated  up  to  about 
75"  C.  By  means  of  a  brush  a  thin  layer  is  rapidly  painted  over  the 
surface  of  the  block,  and  the  section  is  cut  as  soon  as  the  paraffin  has 
cooled.  I  consider  this  method  the  best,  because  of  both  its  expedi* 
tiousness  and  cleanliness. 

If  sections  are  to  be  floated  out  subsequently  on  water,  it  is  best 
to  use  for  Rabl's  method  a  paraffin  having  the  same  melting-point  as 
that  in  which  the  tissue  is  imbedded. 


On  Celloidin  Imbedding. 

Collodium  is  a  solution  of  gun-cotton  or  pyroxylin  in  a  mixture 
of  alcohol  and  ether,  while  celloidin  is  a  very  pure  gun-cotton  pre- 
pared by  some  special  process.  The  best  celloidin  is  Scheringfs  or 
GrQbler's  ;  it  is  sold  in  semi-transparent  cakes  of  such  a  consistence 
ae  to  be  readily  cut  into  shreda  Celloidin  has  a  faintly  acid  reaction 
and  therefore  stains  deeply  with  all  basic  anilin  dyes.  The  collo- 
dium process  of  imbedding  was  introduced  by  Duval  in  1879'. 

To  prepare  celloidin  solutions  for  imbedding  purposes  proceed 
thus :  Cut  the  celloidin-block  into  shreds  and  dry  these  in  an  incu- 
bator till  they  are  perfectly  hard  and  transparent,  because  the  com- 
mercial celloidin  contains  water  which  must  be  removed  to  increase 
the  penetrating  power  of  the  celloidin  (Apathy).  Make  2-5  and 
10  per  cent,  solutions  of  the  dry  celloidin  chips  in  equal  quantities 
of  absolute  alcohol  and  ether  in  the  following  way :  Take  the  i-equisite 
quantity  of  celloidin  and  soak  it  for  24  hours  in  absolute  alcohol, 
then  add  the  ether,  for  Elsching  has  found  the  celloidin  dissolves  more 
quickly  if  it  be  treated  first  with  alcohol  without  the  ether.  I  find 
that  methyl  alcohol  is  preferable  to  ethyl  alcohol,  as  it  dissolves  the 
celloidin  more  quickly,  and  as  it  also  allows  the  latter  to  penetrate 
more  readily,  but  care  must  be  taken  to  procure  pure  absolute  methyl 
alcohol.     I  use  that  of  E.  Merck. 

To  imbed,  thoroughly  dehydrate  the  object  and  then  place  it  in 
a  mixture  of  equal  parts  of  absolute  methyl  alcohol  and  ether  for 
24  to  48  hours,  according  to  size. 

Subsequently  large  objects  such  as  human  embryos  of  the  third 
and  fourth  month,  human  brains,  or  very  dense  tissues  such  as 
bone,  teeth,  and  tendon,  are  preferably  taken  through  the  original 
long  process,  while  small  objects  are  best  treated  by  either  Gilson's 
or  Stepanow'a  quick  methods. 

The  ordinary  long  method  necessitates  three  distinct  operations, 
namttly,  imbedding,  hardening,  and  cutting. 

(a)  The  imbeddmg  process.  Transfer  the  tissues  from  the  alcohol 
and  ether  mixtuie  to  the  2-5  per  cent,  celloidin  solution  and  leave 
tljera  in  it  according  to  their  size  for  2  to  14  days.  A  piece  measuring 
5  mm.  in  thickneaa  requires  seven  days  if  it  has  such  a  dense  struc- 
ture as  decalcified  bone;  a  two  months'  human  embryo  should  be 

>  Duval :  Joum.  Anat,  Pkya,  16,  1B5  (1879). 
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left  at  least  one  month  in  this  solution.  Then  the  tissues  are  trans- 
ferred for  an  equal  length  of  time  to  the  5  per  cent,  and  for  half  that 
time  to  the  10  per  cent.  celloidLt\  solution.  Up  till  now  the  tissues 
should  have  been  kept  in  well-stoppered  hottles. 

To  still  further  inspissate  the  celloidin,  the  alcohol  and  ether  are 
allowed  to  evaporate  very  slowly.  This  end  is  achieved  by  trans- 
ferring the  tissues  in  the  10  per  cent,  solution  to  circular  glass 
Tesaels  with  a  well-fitting,  ground-glass  lid  (so-calied  sporulating 
dishes).  Tlie  lid  must  l^e  replaced  at  once,  so  that  the  air-bubhles 
which  are  formed  during  the  transference  to  the  sporulating  dish 
may  escape  befora  the  upper  layer  of  the  celloidin  becomes  con- 
densed. 

By  placing  a  strip  of  paper  between  the  glass  vessel  and  its  lid  the 
alcohol  ami  ether  are  allowed  to  evaporate  sk>wly,  the  rule  being  that 
the  bigger  the  tissue  the  slower  should  the  inspissation  take  place. 
Therefore  with  bulky  tissues  the  sporulating  dishes  are  best  placed 
partially  covered  by  their  lids  under  a  bell-Jar,  and  the  latter  is  lifted 
once  or  twice  a  day  to  remove  the  ether  which  has  evaporated. 

When  the  tissues  are  first  placed  in  the  sporulating  dishes  they 
should  be  covered  by  the  10  per  cent,  celloidin.  When  the  latter 
by  evaporation  diminishes  in  bulk  and  the  tissues  commence  to  pro* 
ject  out  of  the  imbedding  mass,  new  solution  must  be  added.  If 
the  surface  of  the  inspissated  celloidin  feels  dry  to  tbe  touch,  moisten 
it  wnth  a  few  drops  of  ether  before  adding  the  new  solution.  The 
imbedding  process  is  completed  when  the  celloidin  is  of  such  a  con- 
sistence that  it  cannot  be  indented  with  the  tip  of  one's  finger  (not 
the  finger-nail).  Now  the  tissue,  surrounded  by  the  celloidin,  ia 
removed  from  the  sporulating  dish,  and  the  sufierfluous  celloidin  cut 
off  in  such  a  way  as  to  leave  a  square  block  containing  the  tlaeue  in 
its  centre.  Do  not  i>are  off  too  much  of  the  celloidin,  as  otherwise  the 
block  will  bend  during  the  process  of  cutting  and  sections  of  unef^ual 
thickness  will  be  the  result.  As  yet  the  celloidin-blocks  have  not 
acquired  sufficient  firmness  to  be  cut  into  thin  sections  and  therefore 
must  be  hardened. 

(&)  The  hanlrning  process.  The  reagents  commonly  used  for  harden- 
ing the  celloidin  are  alcohol,  chloroform,  or  benzene,  if  alcohol 
ia  used,  it  should  be  of  85  per  cent,  strength,  as  has  been  determined 
experimentally  by  Busse  '.  The  time  required  for  hardening  objects 
measuring  i  cm.  in  thickness  is  2  to  3  days,  while  bulky  tissues 
liave  to  be  left  a  fortnight,  changing  the  alcohol  every  other  day. 

Small  objects  may  be  hardened  by  chloroform  vapour  in  24  hours 
(Lee),  or  in  Ijenzene  (Stepanow),  When  treated  by  the  last-mentioned 
methods,  the  tissues  may  be  preserved  indefinitely  in  chloroform  or 
benzene,  and  if  alcohol  was  used  as  the  hardening  agent  the  celloidin* 
blocks  should  be  kept  in  75  per  cent,  spirit^  till  required. 

Either  liefbre  or  after  hardening  the  blocks  in  alcohol,  they  must 
be  fixed  to  pieces  of  soft  wood,  and  on  no  condition  to  cork  or  other 
yielding  substances.    Each  piece  of  wood  is  covered  on  one   side 


*  Bune:  Ztittck./.  wiaa,  Mikr,  9,  49  (189a). 
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where  its  grain  is  cut  across  with  a  lo  per  cenL  celloidin  solution  j 
the  latter  is  allowed  to  dry  completely,  aud  thus  the  pores  in  the 
wood  are  closed  aud  the  escape  of  air-bubbles  prevented,  otherwise 
their  presence  may  prevent  a  firm  union  between  the  celloidin-block 
and  the  piece  of  wood. 

If  the  celloidin-blocks  are  fixed  to  the  wood  directly  they  come 
out  of  the  sporulating  dishes,  they  need  not  be  treated  in  any  special 
way  ;  but  if  the  blocks  are  taken  out  of  the  85  por  cent,  spirit  which 
served  to  harden  them,  they  should  first  be  wij>cd  dry,  then  some 
absolute  alcohol  be  poured  over  the  surface  which  is  to  be  in  contact 
with  the  wood,  and  the  alcohol  in  its  turn  be  wiped  off.  The  piece  of^ 
wood  is  then  covered  on  its  collodionized  surface  with  10  per  cent. 
celloidin,  and  the  celloidin-block  pressed  iirmly  on  to  it.  Wait  15 
to  20  minutes  to  allow  some  of  the  ether  and  alcohol  to  evaporate 
from  the  celloidin  acting  as  a  cement,  and  then  complete  the  hardening 
by  putting  the  wood  block  into  85  per  cent,  spii'it  for  two  hours,  or 
by  exposing  it  to  chloroform  vapour  under  a  bell-jar  for  one  hour. 

(c)  On  ctitting  sections. 

Celloidin  blocks,  treated  as  indicated,  may  be  either  cut  directly, 
while  they  are  permeated  with  the  alcohol  and  opaque-looking, 
or  they  may  be  first  cleared  according  to  the  method  of  Bumpus, 
and  then  l)e  cut  dry  as  advocated  by  Lee. 

The  ordinary  wet  process,  however,  is  still  the  best  for  large 
sections.  These  are  obtained  most  satisfactorily  with  a  microtome 
which  allows  cutting  under  spirit,  as,  for  example,  Bruce's  instiTiment 
(p.  179).  When  such  an  instrument  is  not  available  the  surface  of  both 
the  razor  and  the  celloidin-block  should  be  covered  with  a  few  drops 
of  80  per  cent,  spirit  The  knife  is  always  placed  oblirjucly  so  as  to 
get  a  cutting  motion,  instead  of  a  planing  action  as  in  the  ordinary 
process  of  cutting  paraffin  ribbons, 

Lee's  dry  method  consists  in  impregnating  the  celloidin-blocks 
in  an  equal  mixture  of  chloroform  and  inspissated  cedar-wood  oil, 
and  then  letting  the  chloroform  gradually  evaporate.  Cedar-wood 
oil  is  added  from  time  to  time  to  keep  the  tissues  well  covered,  aud 
sections  are  cut  with  a  dry  razor  whenever  the  celloidin-block  has 
become  quite  transparent. 

Gl-ilson*s  method.  Transfer  tissues  from  the  alcohol-ether  mixture 
into  pure  anhydrous  ethyl  ether  having  a  boiling  point  of  34-9°. 
Wlien  thoroughly  permeated  by  the  latter,  place  the  tissues  in  a 
short  test-tube  and  cover  them  wth  2-5  per  cent,  celloidin.  Now 
put  the  test-tube  in  a  paraffin  bath  heated  up  from  35°  to  40'^'  C.j 
when  tho  ether  begins  to  boil  off.  When  the  tissue  is  just  covered 
with  the  inspissated  celloidin,  add  about  one  inch  of  10  per  cent, 
celloidin  and  continue  the  boiling.  Within  i  to  i|  hours  the 
celloidin  will  be  of  the  consistency  of  a  thick  syrup.  Now  pour  the 
celloidin  and  the  tissue  into  a  paj>er  capsule,  avoiding  the  formation 
of  air-bubbles,  and  harden  the  tissue  in  the  vapour  of  pure  chloroform 
(Lee')  by  placing  the  pajier  box  with  the  celloidin  on  a  support 

'  Chloroform  as  u  bardemng  ageot  for  celloidia  was  introduced  by  ViaUautiS 
in  J883  {Ann.  Sc.  N.  (6)  14,  lag). 
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standing  in  a  vessel  "whicli  contains  2  to  5  ccm.  of  pure  chloroform, 
And  cover  the  whole  with  a  well-fitting  bell-jar. 

Leave  small  ol»jects  3  hours  and  l>igger  pieces  24  hours.  When 
tlie  celloidin-block  is  fairly  hard,  transfer  it  to  a  mixture  of  equal 
parts  of  chloroform  and  inHpissated  cedar-wood  oil  for  5  to  10  hours, 
then  to  pure  cedar-wood  oil  till  complete  transparency  of  the  block 
has  been  attained.  Finally  allow  tlie  last  traces  of  chloroform  to 
evaporate  by  exposing  the  block  to  tho  air  (Lee). 

Fix  the  celloidin-block  to  a  piece  of  wood  or  to  the  object-holder 
of  the  microtome  by  the  method  of  Lindsay  Johnson,  who  uses  a 
cement  employed  by  metal-workers,  consisting  of  a  mixture  of  bees- 
wax one  part,  and  resin  two  parts  '.  Cover  the  piece  of  wood  or  tho 
object-holder  of  the  microtome,  which  is  to  serve  aa  a  su])port  for 
the  celloidin-block,  with  the  cement ;  dry  the  celloidin-block ;  heat  up 
the  cement  and  whilo  still  hot  press  the  celloidin-block  into  firm 
contact.  In  a  few  seconds  the  cement  will  cool  and  the  celloidin  is 
firmly  attached.     Cut  the  sections  with  a  dry  knife  (Lee). 

Stepanow's  method '.  Tissues  which  are  dehydrated  are  placed 
in  a  mi.xture  consisting  of 


Dry  celloidtn  chips 
Clove  oil  ior  cugenol)  . 
Ab«)Iut<>  ether 
AbM»Iut«  aicuhol  up  to 


i<5griunH. 
5.0  cc. 
ao-o  „ 


The  purer  the  ether  the  greater  will  be  tho  quantity  of  absolute 
alcohol  required,  but  to  obtain  a  clear  solution  more  than  the  stated 
quantity  of  alcohol  should  not  be  added.  The  clove  oil  facilitates 
the  penetration  of  objects  by  the  celloidin. 

In  this  mixture  the  amount  of  celloidin  is'greater  than  6  per  cent, 
and  rises  to  30  per  cent,  after  the  alcohol  and  the  edier  have  evaporated- 
For  very  delicate  work,  such  as  eggs  of  the  Axolotl,  the  amount  of 
celloidin  in  the  above  formula  should  be  only  0-5  gram  to  begin 
with- 

Tissues  remain  in  the  celloidin  mixture  in  a  closed  vessel  for  3  to 
24  hours.  Then  they  are  transferred  with  the  mixture  to  a  funnel 
made  of  very  thin  tissue-paper,  to  allow  the  alcohol  and  ether  to 
evaporate.  The  completion  of  this  process  is  recognized  by  the 
iiaeue,  which  at  first  looked  opaque,  gradually  l>ecoming  clear.  A 
sufficient  quantity  of  celloidin  should  be  taken  to  begin  with,  to 
safeguard  against  the  tissue  at  any  time  projectiug  out  of  the  cel- 
loidin mixture  during  the  period  of  inspissation. 

"When  the  celloidin  is  of  such  consistency  as  to  be  readily  cut  with 
a  scalpel,  tho  oV>ject  is  removed  from  the  filter  and  as  much  celloidia 
is  pared  off  as  can  be  done  witli  safety.  To  still  further  harden  the 
oeUoidin,  it  is  exposed  to  the  vapour  of  chloroform  (see  above),  and 

'  If  this  cement  is  used  the  whole  of  the  tisauo  tihould  be  cut  at  once,  aa 
alooholic  and  oily  media  dissolve  the  renin,  nnd  therefore  the  cumeQi  is  loosened 
if  one  attempta  to  preserve  tho  bhi«ka  in  npirit  or  in  oil. 

*  Stepanow :  ^  Eiuo  neue  EiabcttuBgsiaethode  in  Celloidini*  Ztitit^.  f,  wiM. 
Mikr.  17,  1B5-191  (^Oct.  1900). 
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the  clove  oil  which  exudes  is  sucked  up  by  a  piece  of  filter-pBper 
attached  to  the  oelloidtn.  To  obtain  sections,  fix  the  object  to  a 
block  of  wood  as  detailed  above  (p.  174  or  p.  175),  and  cut  sections  with 
a  dry  knife. 

Benzene  may  be  used,  instead  of  chloroform  vapour,  for  removing 
the  clove  oil  and  Bimultaneously  hardening  the  celloidin.  If  the 
benzene  method  be  used  it  is  possible  to  obtain  thin  sections  {2/w)  by 
imbedding  the  celloidin  objects  for  6  to  12  hours  in  a  mixture  of 
40*0.  paraffin  (2  parts)  and  anethol'  (i  part}.  This  mixture  melts  at 
35"  C,  and  for  use  should  be  boated  up  to  40°  C. 

After  imbedding  in  the  anethol- paraffin  mixture,  the  object  is  cast 
in  the  usual  way  {p.  170) ;  the  greater  part  of  the  paraifiii  is  pared  off ; 
the  eelloi din-block  is  placed  in  a  drop  of  anethol  on  the  freezing 
plate  of  a  microtome  ;  the  tissue  is  quickly  arranged  in  the  desired        _ 
plane  ;  the  whole  mass  is  frozen  and  sections  are  cut     These  wheii|^^| 
placed  on  water  flatten  out,  and  are  mounted  as  if  they  were  ordinary^H 
paraffin  sections. 

Inatead  of  using  anethol-paraffin,  a  pure  paraffin  (45°  to  48°  C.)  may 
be  used  as  was  originally  done  by  Kultschitzky  (1887) ',  who  devised 
this  double  celloidin^paraffin  method  to  overcome  the  brittleness 
aliown  by  certain  tissueB  when  imbedded  in  paraffin  alone.  Kult- 
schitzky used  origanum  oil  for  clearing  the  celloidia-bloek,  while 
Byder  (1888)  recommends  chloroform  as  the  solvent  for  paraffin. 


CHAPTER  XIIL 

MiCBOTOMES. 
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To  cut  sections  by  hand  satisfactorily  requires  a  great  deal  of 
practice,  and  even  then  large  sections  are  not  readily  obtained.  To 
overcome  this  difficulty  Valentin  introduced  a  double- bladed  knife 
which  is  called  after  him. 

The  Valentin  knife  consists  of  two  blades,  which  by  means  of  a 
screw  are  so  adjusted  a.s  to  lie  parallel  and  close  to  one  another.  The 
instrument  ia  used  in  the  follow^ing  way:— The  space  between  the 
two  Vdades  ia  filled  with  normal  saline  solution.  The  knife  ia  then 
pressed,  and  to  a  slight  extent  drawn  through  a  piece  of  tissue  till 
the  latter  falls  into  two  pieces,  or  the  knife-edge  is  brought  again 
to  the  surface  of  the  organ  we  are  dealing  with.  By  this  means 
a  thin  section  ia  left  between  the  two  blades.  To  prevent  the 
section  tearing,  the  knife  is  kept  immersed  in  normal  saline,  while 
the  blades  are  separated  from  one  another,  and  then  the  section  is 
floated  off.  The  section  may  now  be  fixed  by  being  transferred  to 
alcohol,  formol  in  normal  sahne  and  other  fixatives,  or  may  be 
examined  in  the  unfixed  condition,  in  normal  salt  solution. 

'  Anethol  or  aniseed  oil.  as  supplied  by  Schlmmfil  in  Leipzig,  baM,  wliea  xin- 
oxidLted,  B  melting-point  of  a6°  G. 
•  Kultschitzky  :  Zeitsch.f.  wisa.  Mikr.  i,  48  C1887). 
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With  Valentin's  knife  consecutive  sections  are  impossible,  and  there- 
fore the  necessity  of  inventing  some  mechanical  process  soon  made 
itself  folt. 

Stirlinfffi  microtome.  To  meet  the  requirements  of  Goodsir,  who 
was  investigatinj^'  the  minute  anatomy  of  the  septum  lucidum  of  the 
human  brain,  A.  B.  Stirling.  Curator  of  the  Anatomical  Museum  in 
Edinburgh,  constructed  in  1861  the  first  microtome  or  apparatus  for 
cutting  serial  sections  of  appi-oximately  the  same  thickness.  His 
instrument  consisted  of  a  circular  brass  ivell,  sunk  in  a  piece  of 
mahogany,  and  flush  at  its  upper  end  with  a  brass  plate.  The 
tissues  were  placed  into  the  well  and  rested  on  a  plate  which  could 
gradually  bo  lifted  up  by  means  of  a  screw  [Stirlm/s  tnicrolome,  see 
%  I)* 

To  ensure  a  tight  fitting  of  the  tissue,  a  gouge  on  the  principle  of 
a  cork  borer  was  used,  with  a  ditmietor  the  same  Jis  that  of  the  well. 
With  this  apparatus  cores  of  fresh  organs  or  tissues  fixed  in  chromic 
acid,  such  as  brain,  liver,  and  kidney,  were  cut  out  and  then  pushed 
into  the  welh  Pieces  of  organs  too  small  to  fit  th©  well  were  firmly 
encased  in  portions  of  a  cylinder  of  white  or  yellow  turnip  or  a  large 
round  carrot,  cut  out  by  the  gouge,  split  longitudinally,  and  hollowed 
out  for  the  reception  of  the  tissue. 

*As  an  illusti-ation  of  the  precision  with  which  the  instrument 
may  Ite  employed  I  may  state  that  I  can  cut  as  many  as  300  trans- 
vei-se  sections  from  an  inch  of  spinal  cord '  (Stirling). 

lianvier  then  adopted  Stirhug's  idea  for  his  hand-microtome  {Ean- 
virrs  microtome,  see  fig.  2). 

The  next  great  step  was  made  by  Rutherford  in  May,  1871,  when 
he  adapted  a  freezing-box  to  Stirling's  microtome  and  also  introduced 
a  gauge,  to  determine  the  thickness  of  the  sections.  The  freezing 
mixture  was  comp4>sed  of  pounded  ice  and  salt  (liiitherforcTs  microtome, 
see  fig.  3). 

*I  was  aware  that  the  freezing  method  would  In  the  end  largely 
supersede  all  other  methods  of  imbedding  the  tissues  for  the  purpose 
of  making  microscopical  sections.'  Rutherford,  for  imbedding,  used 
in  1876  a  mixture  of  solid  |ianiifin  (5  parts)  and  hog's  lard  (i  part), 
which  was  melted  and  poured  into  the  well,  the  tissues  then  being 
imbedded  in  the  fluid  mixture  and  sections  cut  after  the  paraffin  had 
set,  or,  to  prevent  the  paraffin  getting  mixed  up  with  the  sections,  he 
simply  froze  the  tissues  in  0*75  salt  solution.  Later,  and  up  to  the 
time  of  his  deaths  the  tissues  were  imbedded  in  gum  solution  and 
then  cut  in  his  freezing  microtome.  In  this  way  sections  15-20  m 
were  obtained,  and  as  to  their  quality  generations  of  students  and 
his  assistants  can  testify. 

The  sections,  while  yet  semi-frozen,  are  placed  in  a  basin  of  water, 
where  they  will  float.  After  an  hour  they  shoidd  be  transferred  to 
aoDM  fresh  water,  and  this  procedure  be  repeated  at  least  four  times, 
to  wash  out  the  sugar  and  the  gum.  After  this  the  sections  may  be 
stained  as  desired. 

For  class  purfwses,  or  whenever  a  tissue  has  to  be  kept  frozen  for 
A  long  time,  the  Williams'  (Quecket  Club)  microtome  is  Uie  best.     It 
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consists  of  a  circular  wooden  box  with  an  upright  metal  rod  in  its 
centre,  to  the  top  of  which  circular  metal  disks  can  be  screwed. 
The  lid  of  the  box  is  made  of  wood  and  covered  with  a  plate  of  thick 
glass.  In  the  centre  of  the  lid  is  a  hole  which  is  filled  by  the  disk, 
attached  to  the  central  rod,  whenever  the  lid  is  placed  on  the  box 
(QitccJcct's  microtomCr  see  fig.  4), 

For  use  fill  the  box  with  a  mixture  of  equal  parts  of  pounded 
ice  and  salt,  'taking  care  not  to  allow  the  mixture  to  touch  the 
under  surface  of  the  cover'.'  The  metal  disk  projecting  slightly 
beyond  the  glass  plate  of  the  lid,  is  covered  with  the  gum  or  gum< 
sugar  solution  with  which  the  tissues  have  been  impregnated  ;  the 
tissues  are  placed  in  position  and  within  a  few  minutes  will  be 
finnly  fixed.  As  the  free/.ing  progresses  add  gradually  more  gum 
solution  so  as  to  surround  the  tissues  on  all  sides  by  a  coat  of  gum  at 
least  5  mm.  thick. 

Sections  are  cut,  not  by  lifting  the  tissue  towards  the  razor  as  in 
Stirling's  microtome,  but  by  lowering  the  razor.  The  latter  is  sup- 
ported by  a  semicircular  holder  resting  on  three  screws,  one  of  which 
is  placed  opposite  the  edge  of  the  razor.  By  lowering  this  front 
screw  the  razor  is  gradually  depressed,  and  a  section  is  readily  obtained 
by  pushing  the  holder  over  the  frozen  tissue. 

Should  the  latter  be  frozen  too  hard,  breathe  on  it  once  or  twice 
before  cutting  a  section.  To  make  the  three  screws  of  the  razor- 
holder  travel  smoothly,  rub  some  vaseline  on  the  glass  plate. 

Instead  of  using  ice  for  freezing  purposes,  Bevan  Lewis,  of  the 
"West  Riding  Asylum,  introduced  the  ether  spray.  To  him  also, 
I  believe,  lM>longs  the  credit  of  having  introduced  a  glass  plate  for 
the  support  of  the  razor  while  cutting  sections  (fig.  5). 

In  Cathcart's  freezing  microtome,  which  is  the  best  instrument  for 
quick  work,  the  ether  spray  and  the  glass  support  for  the  razor  have 
been  adopted  from  Bevan  Lewis. 

For  cutting  paraffin  sections  I  prefer  the  Cambridge  rocking 
microtome  and  the  different  instruments  evolved  from  it.  In  the 
small  rocker,  manufacturned  by  the  Cambridge  Scientific  Instrument 
Company,  the  razor  is  fixed,  and  the  tissue  is  brought  towards  the 
razor,  V>ecjiuse  the  rod  carrying  the  tissue  is  attached  eccentrically  to 
the  axle  of  a  lever,  which  rotates  round  its  own  axis.  Because  of 
this  movement  each  section  is  slightly  thicker  along  its  upper  edge, 

»and  further,  each  section  is  cut  as  an  arc  instead  of  a  plane,  owing  to 
the  lever-like  action  of  the  rod  to  which  the  tissue  is  attached 
{Cambridge  micrnfome.  see  fig.  6). 

These  two  disadvantages  are  negligible  when  cutting  small 
objects,  but  in  cutting  a  long  piece  of  tissue  they  make  themselves 
felt.  ^  To  overcome  these  objections  the  samp  firm  has  devised  a  large 
rocking  microtome  for  cutting  pkne  sections,  and  I  cannot  praise 
this  instrument  too  highly.  Its  action  is  perfect,  the  sections  ■ 
(2x3  cm.\  never  vary  in  thickness  [Cmnhndge  microtome,  see  fig.  7).        I 

For  smaller  objects  a  thoroughly  reliable  instrument,  cutting  plane 
eections,  is  that  devised  by  Leek  and  manufactured  by  Pye  and  Co., 
^  Stirling  :  Practical  Histology  (i88i). 
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CusbridgA.  It  has  nearly  three  times  greater  forward  movement 
than  the  small  Camhridgc  rocker,  and  a  sp^ial  arrangement  to 
ensure  sections  of  equal  thickness  {LeeVs  microtome^  see  fig.  8). 

This  instrument  also  allows  a  freezing-box  to  be  attached  in  place 
of  the  holder  for  the  paraffin-block,  and  I  have  found  the  freezing 
arrangement  to  act  well. 

Celloidin  sections  of  large  tissues,  such  as  the  central  nervous 
system,  should  alwaj's  be  cut  by  the  wet  process,  and  tli©  l>est  instru- 
ment for  this  purpose  is  that  devised  by  Bruce  and  nianui'actured  hy 
Alexander  Fi-azer,  Edinburgh.  It  consists  of  a  long  shallow  trough 
with  a  well  sunk  in  its  centre  :  through  the  bottom  of  the  well  passes 
&  screw  which  is  turned  mechanically  each  time  a  sectitin  is  cut. 
The  screw  has  attached  to  its  upper  end  a  plate  carrying  the  block  of 
celloidin.  The  great  advantages  this  instrument  pt>ssesses  are  that 
the  sections  are  cut  under  sjnrit ;  the  knife,  attached  to  a  sledge, 
plays  in  a  groove  outside  the  spirit-well ;  the  cutting  edge  of  the 
knife  can  be  altered  to  any  obliquity  without  changing  its  plane;  the 
well  economizes  spirit  and  allows  thick  tissues  to  be  cut ;  tlie  tissues 
are  readily  orientated  by  a  ball  and  socket  arrangement;  and  further, 
owing  to  the  simplicity  of  construction,  it  does  not  get  out  of  order. 
The  instrument  may  bo  worked  by  hand  or  by  a  treadle  arrangement, 
by  means  of  which  a  weight  |>ulls  the  knife  forward. 

For  medium-sized  objects  the  sledge  microtomes  of  Jung,  Schantze, 

and  Minot,  may  be  used.     In  all  of  these  instruments  the  knife  can 

be  placed  at  any  angle,  so  that  if  place<l  transversely  paraffin  riblions. 

re  obtainable,  while,  if  placed  obliquely,  both  dense  paraffin  sections 

Hand  celloidin  material  may  be  cut  without  exposing  the  tissues  to  the 

risk  of  tearing. 

A  full  account  of  many  sledge  microtomes,  of  special  modifications 
of  knife-holders,  of  'heads'  for  holding  celloidin  and  paraffin  blocks, 
of  devices  for  raising  or  lowering  the  temperature  of  microtome 
knives,  and  of  traveUiug  ribbons  for  the  reception  of  paraffin  sections 
will  be  found  in  the  volumes  of  the  Zeitsckri/l  fur  icissenschc(filkhe 
Mikroskopie. 

Additional  note  :  According  to  H,  Welcker',  Oschatz  was  the  iirst 
to  make  a  microtome,  which  Welckcr  tlien  modified.  The  latter 
used  hia  instrument  already  in  1854  for  obtaining  serial  sections  of 
ft  calf's  spinal  cord. 

*  IL  Wplckor  :  VUr  Aufbmeaknmg  mikrotttopi$cktr  Objteit^  ntM  Mitikeilungen  a.  d. 
MOtroskcp  M.  deAten  ZuUMr,  Oieflsen,  X856,  bei  J.  Rioker ;  also  idem:  Arch./.  Anat. 
u.  Phytm.,  1894,  p.  81.  S«u  ftlso  Weig«rt,  Ttehnik ;  Anait.  H^e ;  Mcrkel  a.  Bonnet, 
ate  Abth.,  3,  7  (.1893). 
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PART  IV. 


CHAPTER  XIV. 
Gehebal  Rbkabks  on  the  Nature  of  Dtes. 

All  coloured  substances  manufactured  from  coal-tar  are  deriyaiiyes 
of  benzene,  G,H„  a  compound  in  which  six 'carbon  atoms  are  arranged 
in  a  closed  ring,  forming  the  so-^^ed  benzene  ring.  In  such  a  carbon 
ring  each  carbon  atom  has  attached  to  it  one  hydrogen  atom ;  adjacent 
hydrogen  atoms  being  said  to  occupy  the  ortho-position  (o  or  2), 
alternate  ones  the  meta-  (m  or  3),  and  opposite  ones  the  para- 
{p  or  4)  position.  If  one  or  more  of  the  original  hydrogen  atoms  are 
replaced  by  other  chemical  compounds,  there  are  formed  mono->  di, 
tri-,  &C.,  benzene  derivatives ;  it  is  customary  in  writing  consti- 
tutional formulae  to  represent  the  benzene  ring  simply  as  a  six-sided 
figure. 

The  chief  substances  from  the  dye  point  of  view,  besides  ben- 
zene, G,H^  are  its  homologues  toluene  (toluol)  or  methyl-benzene, 
CjHg-CH,;  xylene  (xylol)  or  dimethyl-benzene,  C,H4.(CH,),;  quinone, 
CfH^O, ;  naphthalene,  G^o^, ;  and  anthracene,  G^Hj,. 


H 
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H— C  C— H 

hJ       Lh 

k 

Benzene  and  its  constitutional  formula 
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Toluene 
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v 


INH, 
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Ortho-xylene        Ortho-toluidin 
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Quinone 
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or 
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Naphthalene  and  its  constitutional  formula 


H 


H-~C  Cr-C— ,C  C— H 


H— C 


/V    /\ 


or 


Anthracene  and  its  constitutional  formula 

Chromophores.  Whatever  chemical  constitution  a  dye  may  possess, 
it  always  contains  in  each  of  its  molecules  one  or  more  groups 
which  under  certain  conditions  confer  on  the  remainder  of  the 
'molecule  a  specific  colour.  These  colour- radicals  have  been  called 
hy  O.  N.  Witt  (1876)  the  chromophores.  Thus  if  in  the  Ijenzene  ring 
one  of  the  hydrogen  atoms  is  replaced  by  the  hydroxyl  group  OH, 
lending  to  the  formation  of  phenol  or  carbolic  acid,  and  if  of  the 
remaining  five  hydrogen  atoms,  three  alternate  ones  are  replaced  by 
three  chromophoric  nitro-groups,  NO,,  there  results  the  yellow  dye 
trinitro-phenol  or  picric  acid. 


OH 
0,Nr      ^^Oj 


NO, 
Trinitro-phenol 

or  picric  acid 


OH 


HyNl' 


IHN, 


NH, 

Triamido* 
phenol 


0,Nf      ^XO, 


NO, 

Trinitro- 
benzena 


That  the  colour  depends  on  the  NO,  groiip  is  proved  by  reducing 
picric  acid  by  means  of  tin  and  hydrochloric  acid,  when  the  colourless 
triamido-pheuol  C^H,{NH,l,OH  is  formed. 
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Chromogens.  Benzene  compounds  contaming  one  or  more  chromo- 
plioi-e  groups  are  the  mother-substances  of  true  dyes  and  are  called 
chromogens  (Witt).  Thus  in  picric  acid  the  ebromogen  is  trinitro- 
heazene  CflH3(NOs),  with  the  three  chromophore  radicals  NO,, 

Chromogens  need  not  but  may  be  coloured  substances.  Thus  the 
tritiitro-benzene,  just  referred  to,  is  colourless,  but  has  a  yellow  colour 
developed  by  the  introduction  of  the  group  OH',  which  latter  on 
entering  the  chromogeii  imparts  to  it  the  power  of  forming  salts,  i.e. . 
of  dissociating  electrolyticaily  into  the  acid  H*  ion  and  the  an-ion 
C.H,(NO,),0'. 

Radicals  which  induce  a  chromogen  to  dissociate  electrolyticaily, 
or  in  other  words  to  bohave  as  a  salt,  are  termed  salt-formei's,  and 
these  will  be  studied  more  fully  afterwards  (p.  184), 

Chromophores  by  themselves  give  to  the  benxene  ring  with  which 
they  ai'e  connected  a  tendency  towards  electrolytic  dissociation,  with- 
out being,  however,  able  to  establish  the  latter^  This  tendency  may 
be  either  towards  electro-positivity  or  electro-negativity,  according  to 
the  nature  of  the  elements  composing  the  chromophore '. 

The  chief  electro-positive  or  basic  cliromophores  arranged  in.  a 
descending  order  of  strength  ai-e  ; 

Basic  Chromophores. 

1.  The  azo  group  — 'N=N — ,  as  met  with  in  the  azo-dyea ;  thus 
azobenzene  has  the  formula  HjC„ — BT^N — C^^H^OH. 

2.  The  azin  group  <^  1  )>,  as  in  phenazins  H,Ce<^  1  "^CjH^ 

3.  The  azonium  gi-oup  <;^    y,  as  in  the  safrouius. 

C,H,R 

4.  The  indomin  group  N=,  as  found  in  the  ^  „      -wtr 

indamiiis,  N  ^^>^-^^* 
jf  CJjHj — NH 

1 

5.  The  hydrazone  group  f^M" — Iff — . 

H 

6.  The  azomethin  group  — C=N — ,  containing  instead  of  one 
trivalent  nitrogen  of  the  azo  group  the  trivalent  methin  gi'oup  =CH, 

H 
thus    Z'  \ o=N- 


Benziliden  aniUu. 

H    H 
7.  The  stilbene  group f«_/N_^>  containing  two  methin  radicals. 

The  basic  nature  of  the  chromophores  enumerated  above  de)>ends 
on  the  presence  of  nitrogen,  while  the  acid  nature  of  the  chromophores 


*■  See  the  table  of  electrical  tenaiuus  given  oa  p.  14. 
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given  below  depends  on  the  oxygen  atoms.  All  nckll  chromophores 
are  either  oxygfn  compounds  or  hjive  been  derived  from  oxygen 
radicals,  by  substituting  the  divalent  sulphur  or  the  trivalent  nitrogen. 
The  chief  acid  chromophorea  are,  firstly,  the  nitro  group  NO,,  as  in 
picric  acid,  and  secondly,  the  ketoniu  group  =C=0  and  derivatives 
of  it  occurring  as  part  of  a  closed  ring. 

Acid  chrornQphores. 
The  simplest  derivative  of  ketone  is  quinone,   and   it  has  been 
argued  by  Armstrong  and  Nietzki  that  all  coloured  substances  owe 
their  colour  to  the  presence  of  a  quinonoid  group.    The  chroniophoric 
radicals  in  the  following  furn^ulue  up]>ear  iu  inuavior  type. 
CU         CH 


I.  Quinone  O 


-<!> 


CH  CH 

(a)  the  iudaniins  HN=C< 


=^0  and  its  derivatives,  namely 


>C=N-{C.H.NHJ, 


(b)  the  indophenols  0=C<  >C=N— (C.H.NH,). 

(c)  the  quinone-oximes  0=:C<^  ^OsssW— (OH). 


{d)  the  dl-  and  triphenylniethanea  :=C=< 


>=K 


e,g.,  parafuchsin  fllCl)  Hir< 


rosolic  acid  0< 


V 


CH 


OH 


2.  The  anthraquinone  group 


o-,A 


3.  The  xanthone  group,  in  which  one  ketone  I  I 

group  ia  replaced  by  O  I  L— CO— i 
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4.  Th©  oxazin  group,  witli  the  one  CO  group 
replaced  by  O,  and  the  other  by  nitrogen 


5.  The  pyronin  group,  with  one  oxygen  and 
one  C — H  group  replacing  the  two  CO  groups 


6.  The  acridin  group,  with  one  nitrogen  and 
one  C — H  group  replacing  the  two  ketone  groups 


Sali-formers.  The  salt-forming  radicals  may  be  divided  into  two 
groups^  of  which  the  first  includes  the  basic  amidogen  NH,  and 
the  '  acid  *  hydroxyl  OH,  while  the  second  embraces  carboxyl  CO-OH, 
the  nitrozo  NOH,  the  nitro  NO,  and  the  sulphonic  acid  HSO3 
radicals, 

Amidogen  NH^  and  hydroxyl  OH  differ  from  the  other  salt- 
forming  radicals  in  having  a  special  action  on  the chromogens.  They, 
firstly,  influence  the  electro-positivity  or  negativity  of  the  molecule 
into  which  they  are  introduced,  enabling  it  to  dissociate  electro- 
lytically,  and,  secondly,  they  increase  the  colour  of  the  chromogen, 
if  the  colour  already  exists,  or  they  modify  the  already  existing  tint, 
or,  lastly,  lead  to  the  development  of  colour  in  the  chromogen. 
Because  of  their  marked  influence  on  colour,  amidogen  and  hydroxyl 
are  classed  by  themselves  aa  *  auxochromes '  (Witt). 

The  second  group  of  salt-formers  has  no  action  in  producing, 
strengthening  or  altering  colour,  with  the  single  exception  of  the 
NOj  group,  which  may  act  also  as  a  chromophore. 

The  auxochrome  Oil  differs  from  the  auxochrome  NHj  in  one 
important  point,  for  the  phenols  to  which  it  gives  rise  dissociate 
elect rolytically,  whUo  the  amido-bodies  produced  by  introduction  of 
NH,  do  not. 

In  the  chapters  on  physical  chemistry  it  was  shown  that  all  basic 
reactions  are  due  to  the  hydroxyl  group  OH',  and  if  in  the  following 
pages  OH  is  called  the  acid  radical  it  is  l^ecause  of  the  dissociation 
into  KO'  +  H',  the  hydrogen  ion  liberated  in  this  way  causing  for 
example  the  acid  reaction  of  phenol  C^H^O'  +  H'. 

Chromophores  being  either  of  a  basic  character  (p.  182)  or  of  an 
acid  nature  (p.  183),  and  the  auxochrome  Nil.,  being  a  strong  base, 
while  the  auxochrome  OH  is  a  comparatively  feeble  acid,  the  follow- 
ing interactions  between  chromophores  and  auxochromes  take  place'. 

'  Papp«nheim  :  Grundriaa  der  Farbchtmu,  1901. 
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(i)  basic  chroniophoro  + basic  nuxochrome  NH,  =  strong  base, 

(2)  acid  chrf>mophore  +  acid  auxochrome  OH  =  strong  acid, 

(3)  acid  chronic)phorG  + basic  NH.j  =  feeble  base, 

(4>  basic  cbronioi>hore  +  acid  auxocbrorae  OH  =  feeble  acid, 

Tbe  most  strongly  acid  or  basic  dyes  are  therefoi*©  those  in  which 
both  cbromophore  and  auxochrome  have  the  same  tendency  towards 
ftcidity  or  basicity. 

If  a  dye  consisting  of  a  strong  basic  chroraophore  +  the  basic  NH, 
group  has  introduced  one  or  more  hydroxyl  groups,  its  strongly  basic 
nature  becomes  changed  into  a  feeble  one  ;  and,  similarly,  if  an  acid 
cbromophore  +  the  acid  auxochrome  OH  has  introduced  the  strongly 
basic  jS'H^  then  the  dye  loses  its  acid  character  and  becomes  a  feeble 
baae. 

Dyes  baring  two  amido  groups  are  more  basic  than  those  containing 
only  one,  and  therefore  on  the  same  principle  rosanilin,  a  triamido- 
tripheny I  methane,  Ls  more  basic  than  malachite-green,  which  is  adia- 
mido-triphenylmethane. 

Analogously,  increase  in  the  numlwr  of  hydroxyl  groups  means 
increase  in  acidity.  The  chief  function  of  the  auxochromes  is,  how- 
ever, to  increase  the  colour  of  the  cbromopbores  ;  their  action  as 
salt-formers  is  subsidiary.  Tbe  auxochrome  OH,  if  it  meets  with  an 
acid  cbromophore,  can  play  the  part  of  a  salt-former,  inasmuch  as  the 
H'  is  split  off  eleetrolytically  ;  but  should  it  meet  with  the  auxo- 
chrome NHj,  then  its  powers  of  dissociation  are  interfered  with. 

The  auxochrome  NH,  itself  never  dissociates  eleetrolytically,  but 
it  influences  other  nitrogen  atoms  which  may  he  present,  and  gives 
them  the  power  of  linking  on  to  the  tissues,  as  in  toluidin-blue 
fp.  404)  and  safranin  (p.  412),  in  which  the  imide  radical  NH  attaches 
itself  to  tbe  tissue.  For  exanijde,  the  tritihenylmetlmne  compound 
rosanilin  (p.  425)  contains  tho  cbromophore  =C — E=N1I,  the 
basic  reaction  of  which  depends  on  the  imide  NH.  There  are,  how- 
ever, in  addition  two  auxochromic  amidogen  groups  NH,.  increasing 
the  basic  character  of  the  sulistance.  That  the  imide  and  not  the  amide 
links  on  to  the  tissue  is  proved  by  suspending  in  the  colourless  ros- 
anilin base  a  skein  of  silk,  when  the  latter  turns  a  red  colour  owing 
to  the  formation  of  the  deep-red  mono-acid  rosanilin  salt.  This 
explanation  is  correct,  for  if  the  araido  groups  were  concerned  in  the 
Bait  formation  the  silk  should  liecome  yellow,  as  rosanilin,  in  which 
the  amido  groups  are  satisfied,  is  yellow. 

The  sal tr forming  groups,  being  strong  acids,  have  the  power  of 
overcoming,  in  part  or  completely,  that  bjisicitTi'  of  a  dye-molecule 
which  depends  on  the  presence  of  ft  basic  auxochrome  or  cbromo- 
phore. 

Thus  in  rhodarain  (p.  188)  and  in  chrome-green  (p.  423)  the  COOH 
group  weakens  tbe  action  of  the  amido  auxochrome,  but  the  cliromo- 
gen  being  basic  the  dye-molecule  as  a  whole  still  acts  as  a  base. 
The  carboxyl  radical  in  combination  with  acid  cbromopbores,  or  with 
Muochromee  into  which  oxygen  has  been  introduced,  produces  acid 
^idjeSf  e.g.  fluorescein  (p.  429). 

The  aalt-forming  NO,  group  occupies  a  peculiar  position,  for  besides 


i86 


'ACID,'  'BASIC/  AND  'NEUTRAL'  DYES 


being  a  strongly  acid  radical  it  also  acts  in  some  dyes  as  a  chi'omo- 
phore,  as  pointed  out  in  connexion  with  picric  acid  (p,  181).  The 
sulphonic  group  HSOj  resembles  NO.^  in  Jjeing  suclx  a  strongly  acid 
radical  that  it  impresses  ttn  acid  character  on  the  dye-molecule,  what- 
ever other  baaic  groups  may  1>9  prespnt.  Thus  basic  fuchsin  becomes 
acid  fuchsin  on  introducing  SO.OH  (p.  425).  It  also  increases  the 
solubility  of  dyes,  by  rendering  even  thosf-  which  are  quite  insoluble 
in  water,  soluble ;  for  example,  basic  anilin-blue  is  water-insoluble 
but  after  sulphonation  it  forms  the  acid  water-soluble  'water  blue*or^ 
methyl-blue  (p.  426),  The  tendency  of  acid  radicals  to  increase  the 
solubility  of  a  dye  is  not  restricted,  however,  to  the  sulphonic  group, 
but  ia  of  general  occurrence,  and  this  increase  of  sulubility  goes  hand 
in  hand  with  a  diminution  in  the  intensity  of  staining  jwwer. 

Tliat  dyes  cim  only  act  in  virtue  of  salt-forming  radicals  is  especially 
well  seen  in  the  case  of  azo-benzene,  llfi^ — -N^N — CjII^,  an  in- 
tensely coloured  body,  containing  the  chromophore  — N^N — .  It  ia 
a  neuti-al  compound,  and  does  not  act  as  a  dye  till  either  basic  or 
acid  characters  have  teen  given  to  it  by  the  introduction  of,  for 
example,  the  basic  amidogen  radical,  NH,,  when  amido-azo-benzene  is 
formeil,  HjC^— N^N— CgH^NH.^,  or  of  the  acid  radical  -Oil,  leading 
to  the  formation  of  oxy-azo-benzene. 

Acid  dyes,  according  to  the  nomenclature  of  Ehrlich,  are  those 
which  contain  an  acid  staining  principle,  as  does,  for  example,  eosiii, 
which  is  the  sodium  salt  of  tlie  coloured  acid  teti-abrom-lluorescein. 
Basic  dyes  analogously  possess  basic  colour  radicals  ;  for  example, 
metliylnne-blue  is  the  chloride  of  the  coloured  base  tetramethyl- 
dipheuthiazLn.  '  Neutral '  dyes  Ehrlich  calls  those  in  which  a  colour 
base  is  joined  to  a  colour  acid,  as  in  the  eosiuate  of  methylene-blue  or 
in  the  picrate  of  rosanilin.  It  is  better,  however,  to  group  Ehrlich's 
neutral  dyes  under  the  general  heading  of  salt  dyes,  meaning  by  this 
term  that  tlie  coloured  compounds  are  taken  up  by  tissues  as  salts 
without  having  undergone  a  preliminary  dissociation  into  the  an- 
and  kat-ion  radicals  of  which  they  ai-e  comijosed. 

The  radicals  in  *  salt  dyes '  need  not,  as  in  the  special  case  of  Ehrlich's 
'  neutral  dyes,'  be  both  coloured,  for  most  '  salt  dyes'  are  acid  sodium 
salts  of  the  sulphonic  acids  of  benzidin  (p.  395),  of  primulin,  or  of 
oxystilbene  (p.  397),  These  dyea  and  their  action  being  discussed 
in  the  special  chapter  on  the  theory  of  staining  (p,  327),  it  will  now 
sufhce  to  point  out,  firstly,  that  all  of  them,  including  Ehrlich's  so- 
called  neutral  dyes,  are  true  salts  containing  defijiite  salt-forming 
groups  ;  and  secondly,  that  although  they  have  the  power  of  dis- 
sociating eleetrolyticfdly,  the  molecule  seems  to  act  as  a  whole  in 
many  reactions.  Thus  methylene-blue  is  the  chloride  of  a  dye  be- 
longing to  the  quinoue-imides,  and  dissociates  normally  into  the 
colourless  an-ion  chlorine  CI'  and  the  remainder,  which  is  the  coloured 
kat-ion  ;  eosin  is  the  sodium  salt  of  tetrabrom-fluorescein,  and  in 
a  watery  solution  breaks  up  into  the  colourless  kat-ion  sodium  and 
tho  coloured  an-iun  tetrabrom-fluorescein,  while  the  'salt-dye'  eosLuate 
of  methylene-blue,  formed  by  the  union  of  the  methylene-blue  kat-iou 
with  the  coloured  tetrabrom-fluorescein  an-ion,  ia  insoluble  in  water 
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and  doee  not  dissociate.  It  can  be  made,  however,  to  dissolve  by 
either  using  alcohol  aa  the  solvent,  or  by  having  a  slight  excess  of 
the  methylene- blue  kat-iou  or  the  eosin  nn-ion. 

From  such  solutions  the  eosinute  of  methylene-blue  may  be  taken 
up  as  a  whole,  for  example  by  the  neutrophil  granules  of  certain 
Ieucocytei3  which  stAin  hi  the  mixed  colour  of  methylene-blue  and 
eoain,  namely  violet ;  while  other  tissues  with  JitTerent  affinities 
select  either  the  methylene-blue  or  the  eosin  radical,  and  thereby 
become  stained  blue  or  rod. 

Salt  dyes  are  employed  extenaively  commercially  for  dyeing  cotton 
and  woollen  wares,  and  are  also  used  for  histological  purposes  (j>.  441). 

It  frequently  bap]x$na  in  the  cane  of  dyes,  as  in  other  aromatic 
compounds,  that  a  hydrogen  atom  may  be  replaced  by  a  fatty  or 
aromatic  radical  without  tliero  being  produced  any  considerable  altera- 
tion in  the  character  of  the  comjiound. 

Side-chains.  When  the  replaced  H  atom  forma  part  of  a  l.tenzene 
ring,  then  the  substituted  alkyl  (methyl  or  CH,  j  ethyl  or  C.IIJ  or 
aromatic  phenyl  group  (CjH-.UlJ)  is  calLd  a  side-chain. 

Thus  thionin  becomes  toluidin-blue  by  the  introduction  of  alkyl 
groups  CH,  into  the  auxochrome  amido  group  NH,  and  also  by 
replacement  of  the  II  atom  in  the  imide  group  NH. 


<is 


NH, 
-KH 


(CH,), 
N-CH, 


Thionin 


Toluidiu-blue 


I 


The  alkyl  and  phenyl  groups  do  not  materially  interfere  with  the 
ehemical  constitution  of  a  dye-molecule,  but  they  serve  to  deepen  its 
colour^  and  also  to  increase  its  size.  An  OCH,  compound  is,  for 
example,  darker  and  slightly  less  acid  than  an  OH  group,  and  a 
NHCjHj  radical  darker  and  slightly  less  basic  than  NHj  (Papi>enheim}. 
.\Jkyl  groups  thus  modify  the  tint  of  the  dye-molecule,  while  the 
8ulj»honic  acid  radical  SOj-OH  does  not  do  so. 

An  alteration  in  the  tint  of  a  dye  may  further  bo  induced  by  the 
introduction  of  halogen  radicals,  or  by  the  substitution  of  one  halogen 
for  another ;  for  example,  mono-  and  dibrom  derivatives  of  fluorescein 
_are  yellowish-red,  while  tetrabrom  compounds  are  bluish-red  (p.  430), 
ad  tetra-iodine-fluorescein  (erythrosin)  is  more  bluish-red  than 
tetrabrom-fluorescoiu  (eosin).  Generally  sj^eaking  it  may  bo  stated 
that  dyes  which  have  all  their  carbon  in  benzene  rings,  possess  a 
yellow  colour,  and  that  by  the  addition  of  auxf)chrome  groups,  or  by 
Ihe  accumulation  of  carbon  by  means  of  side-chains  (see  above),  the 
colour  increases  in  depth,  passing  through  red  into  violet  and  browiu 
For  example,  picric  acid  containing  three  NOj  groups  is  yellow,  while 
•urantia  containing  six  NO,  auxochromes  is  orange.  The  simple 
Mco-dyes  are  yellow  and  red,  while  blue  tints  only  result  from  the 
accumulation  of  several  azo  groups  in  one  molecule,  as  met  with  in 
the  dis-  or  tetrazo  compounds  (p,  388). 

How  colours  are  produced  we  know,  but  not  why. 
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Rliodamin  (p.  430),  in  addition  to  containing  four  mothyl  groups 
(CHi)  which  have  replaced  fuur  hydrogen  atoms  of  the  two  auso- 
chrome  radicals  NHj,  possesses  also  a  methyl  group  introduced  in  the 
salt-forming  carboxyl  group  COOH. 


(CH, 


N=(CH,), 


I 


H 


H 


iCOOCH, 


H 

It  may  bo  useful  to  analyse  tbis  last  formula,  and  to  recapitulate 
what  has  been  stated  on  the  previous  pages. 

Bhodamin  is  a  triphenylmethane  derivative,  and  containe  : 
I*  The  basic  chromophore  =C=  (p.  183)  connected  up  with  three 
benzene  rings.  Two  benzene  rings,  along  with  the  carbon  atom  of  the 
chromophoi-e  (the  methane  carbon)  and  an  oxygen  atom,  form  a  fourth 
ring  containing  the  methane  carbon  atom  in  the  paraposition  to  the 
oxygen  atom,  reminding  one  of  the  chromophore  ^^C^O  of  quinone 
(p.  183).  It  is  for  this  last  reason  that  rhodamin  may  be  said  to 
possess  a  quinone-like  or  quinoid  character. 

2.  A  chromogen  radical  consisting  of  the  chromophore  =0=,  three 
benzene  remainders,  and  the  *paraquinoid  *  fourth  ring. 

3.  The  remainilors  of  two  auxochrome  groups  (NHj)  occupying  the 
parai>oaition  to  the  methane  carbon  atom. 

4.  The  remainder  of  the  salt-forming  carboxyl  group  CO*OH  in  the 
third  benzene  ring. 

5.  Five  methyl  groups  CH,,  of  which  four  replace  the  four 
hydrogen  atoms  of  the  two  ausochromes  (NHj),,  while  the  fifth 
methyl  radical  has  taken  the  place  of  the  hydrogen  in  the  carboxyl 
group. 

6.  Tlie  rhodamin  dye-molecule  taken  as  a  whole  is  a  base,  owing  to 
the  basic  cliromophore  and  the  two  basic  auxochromes  together  being 
stronger  than  the  single  salt-forming  carboxylic  group.  The  com- 
mercial rhodamin  not  being  the  free  base  but  a  salt,  and  usually  the 
chloride,  the  chlorine  is  shown  attached  to  a  pentavalent  nitrogen 
atom  of  the  original  auxochromic  NHj  group. 


A  dye  retains  its  colour  only  as  long  as  its  possible  affinities  for 
hydrogen  have  not  been  satialied  ;  for  example,  the  yellow  picric  acid, 
when  brought  in  contact  with  nascent  hydrogen,  becomes  the  colour- 
less triamido-phenol  (p.  181).     Similarly,  all  other  coloured  benzene 
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compounds,  by  taking  up  one  or  two  molecules  of  hydrogen,  become 
colourless,  white,  or  leuco-compouiids. 

If  by  the  absorption  of  hydrogen  atoms  no  deep  change  is  produced 
in  a  dye,  then  it  is  always  possible  by  oxidation  to  reconvert  tlto 
leuco-  into  the  colour  compound.  Thus  methylene-blito  is  readily 
reduced  by  boiling  a  watery  solution  with  sodium  carbonate,  NajCO,, 
and  grape-sugar,  CII,(OH)— CH(OH),— CHO,  the  aldehyde  radical 
of  the  latter,  CHO,  acting  as  the  reducing  agent.  If  the  c«louiles8 
ftnlutinn  be  divided  between  two  test-tubes,  the  fluid  in  one  of  the 
test-tubes  being  covered  with  hot  oil,  and  if  then  both  t»>st-tuhes  be 
cooled,  after  the  lapse  of  a  few  minutes  a  distinct  blue  colour  will 
be  seen  in  that  test-tube  where  the  access  of  the  oxygen  of  the  air  has 
not  been  prevented  by  the  layer  of  oil« 

»^==N=(CH,),      "  ^C,H,::1 N=(CH,), 

\  /X 

CI  H    CI 

Methyleno-blue  =s  Leuco-methylene-blue 

(according  to  quinone  theory) 

From  what  has  just  been  stated,  it  follows  that  all  coal-tar  dyea 
will  be  readily  decolourized  by  contact  with  nascent  hydrogen,  which 
for  experimental  purposes  is  obtained  in  sufficient  purity  by  the 
action  of  1:8  of  sulphuric  acid  or  1:2  of  hydrochloiic  acid  on 
granulated  zinc. 

The  question  of  pseudo-bases  (see  p.  25)  and  real  bases  has  also  to 
be  considered,  for  dyes  will  stain  only  if  they  are  real  bases,  and  in 
this  Connexion  we  have  ti>  bear  in  mind  the  effect  of  accentuators 
(see  p.  212)  which  are  added  to  the  stains,  for  by  them  it  is  possible 
to  convert  the  pseudo  into  the  real  base. 

Amongst  the  dyea  in  ordinary  use  we  may  with  TTnntzsch   and 
;P88wald  distinguish  two  groups,  those  which  do  and  those  which  do 
lot  form  pseudo-bases. 

(i)  Dyes  forming  pseudo-base^  are  the  bases  of  the  di-  and  triphenyl- 
methane  series  (crystal -violet,  pararosanilln,  brilliant  green,  and 
auramin),  also  the  azonium  dyes  (rosindonea  and  rosindulins),  and 
lastly  fluvintlulin. 

Ail  these  are  so  constituted  as  to  allow  the  (OH)  group  to  wander 
from  the  nitrogen  to  the  carljon  (or  to  another  nitrogen  group  as  in 
rosindulin);  R^N* — OH'  becomes  HO — R=N,  and  in  consequence 
of  this  change  their  electrical  conductivity  is  soon  reduced  to  almost 
zero. 

Primarily  crystal-^aolet,  pararosaiiilin,  brilliant  green,  and  auramin 

[tkte  very  strong,  completely  dissociated  bases,  analogous  to  alkalies  or 

ipletely  substituted   ammonium  lnydrate;    but  secondarily,  and 

iually  soon,  the  coloured  substance  is  changed  into  a  colouj'k 
derivative  by  the  migration  of  the  (OH)  group : 

[H,N— C.H.X=C,H.=NH,— OH    becomes    (H,N— C.HJ.C  OH. 
j»ararosanilin  pseud o-pararosanil in  carbinol- 
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(a)  Dyes  not  forming  pseudo-hases  comprise  safraniu  (p.  412)  and 
thiazin  (see  p<  403),  as  in  them  no  isomeric  formulae  possessing  the 
hydroxyl  in  a  difff^rent  group  are  possible. 

It  is  probable  tliut  the  ssifranins  and  tliiazins  nre  stronger  bases 
than  the  triphenj'l  derivatives  because  there  is  no  tendency  to 
form  pseudo-compounds  :  anyhow  histologically  they  possess  great 
advantages  over  ro.saniHn,  as  is  readily  shown  by  staining  identical 
sections  in  toluidin-blue  and  basic  fuchsin. 


CHAPTER  XV. 
The  History  of  Staii«tno. 

Tntroduclhn.  Nowadays  when  every  microscopist  uses  stains,  and 
most  of  U9  are  pleased  to  introduce  some  new  dye  to  which  we  take 
a  fancy,  either  because  it  happens  to  satisfy  our  colour  idiosyn- 
crasies, or  because  of  some  special  affinity  we  suppose  the  dye  to 
possess  for  particular  tissue  elements,  we  ought  occasionally  to  reflect 
on  how  much  was  done  by  the  older  histologists  without  the  aid  of 
stjiins. 

It  is  a  sad  fact  that  microscopists  almost  without  exception  rely 
only  on  coloured  sections,  and  that  because  of  the  veiy  ease  with 
which  certain  structures  stand  out,  preparations  are  examined  less 
carefully  than  of  old,  when  microscopy  in  itself  was  a  science.  Wliat 
can  be  done  without  stains  may  be  realized  by  studying  old  books  on 
histology,  such  as  Kollikor's  Microscopic  A  natmi\tf,  2,  1B50-1854,  and 
Gerlacli's  Handbook,  Mainz,  1854- 

The  first  decade  of  staining  was  characterized  by  a  conaerwitism 
still  noticeable,  for  the  teaching  of  botanists  was  neglected  by  the 
investigators  of  animal  tissues.  An  observer  belonging  to  the  latter 
class,  as  early  as  1851,  gave  an  account  of  having  used  'a  dilute 
carmin  stain '  for  investigating  the  structure  of  the  internal  ear. 
His  paper  published  in  one  of  the  first  Grerman  periodicals  attracted 
no  notice.     It  was  written  in  French. 

Later,  in  1854  another  observer  having  been  led,  by  a  fortunate 
accident,  to  the  conception  of  the  itlea  that  present  ways  may  not 
always  be  the  best,  by  a  second  equally  fortunate  occurrence  was 
enabled  to  discover  a  reliable  staining  method.  By  publishLog  the 
latter,  a  seed  was  so^vn,  which  owing  to  a  number  of  further  fortunate 
circumstances  commenced  to  germinate.  The  method  of  staining, 
once  having  taken  root  in  the  animal  histologist,  grew  and  grew, 
till  to  he  an  liistologist  Ijecame  practically  sj^nonymous  with  being 
a  dyer,  with  tliis  difference,  that  the  professional  dyer  knew  what  he 
was  about,  while  the  histologist  with  few  exceptions  did  not  know, 
nor  does  he  to  the  present  day. 

During  this  prodigally  liberal  production  of  new  staining  methods, 
the  advantages  accruing  to  histology  from  the  use  of  dyes  were  but 
little,  for  most  of  the  discoveries  attributed  to  the  use  of  special  stains 
could  have  been  made  by  a  skilled  microscopist  on  perfectly  unstained 
sections  wiih  almost,  if  not  quite,  equal  ease. 


NECESSITY  OF  CHEMICAL  KNOWLEDGE 


191 


On  reading  in^atisee  published  especially  within  th^  last  decade, 
I  cannot  liolp  thinking  that  now  we  have  lapsed  into  a  state  of 
dograde^J  coaservatism,  since  men  in  the  name  of  justice  haggle 
alwiut  their  rights  of  priority,  and  in  the  name  of  nationnlity  do 
injustice  to  their  neighbours.  Knowingly,  or  let  us  charitably 
suppose  in  crass  ignorance,  there  are  published,  almost  daily,  articles 
supposed  to  contain  new  ideas  or  facts  which  time  and  again  will  be 
met  with  in  older  writings. 

It  is  time  that  a  stop  was  put  to  this  kind  of  Htoi-nture,  for 
compelling  others  to  read  prwluctions  devoid  of  any  new  ideas  or 
facts  means  robbing  workers  of  their  time,  and  keeping  back  science. 

Notwithstanding  that  Elirlich  in  1879  founded  the  science  of 
staining  as  regards  anilin  dyes,  that  B>»hnier.  Frey,  Weigeii,  and 
Paul  Mayer  have  explained  the  action  of  haematoxylin,  that  Unna 
proved  what  can  1>©  done  by  a  systematic  retsearch.  that  Gierke, 
Griesbach,  Rawitz,  Benda,  Michaelis.  and  others  havu  also  shown  the 
way  how  to  proceed, — notwithstanding  all  this,  the  majority  of  histo- 
logists  still  prefer  to  dabble  in  stains  in  an  unscientific  maimer, 
owing  to  the  baneful  principle  that  '  Ex]>erimontation  is  preferable 
to  study.' 

It  is  not  enough  to  regard  dyes  simply  as  acids  or  bases,  as 
oxidizers  or  reducers,  but  we  must  aim  at  micro-chemical  methods, 
and  endeavour  to  know  the  compos il ion  of  the  dj'e  and  the  tissue,  to 
apply  tests  in  a  definite  purposive  way.  Not  till  then  will  progress 
be  made  in  the  most  difficult  of  all  branches  of  Physiology,  namely 
micro-chemistry.  If  two  dyes  are  found  to  give  identical  staining 
reactions,  it  is  permissible  to  choose  that  one  which  either  gives  the 
sharpest  pictures  with  artificial  light,  or  which,  for  aesthetic  reasons, 
harmonizes  best  with  the  other  colours.  I  do  not,  however,  hold 
with  Kawitz  that  it  is  immaterial  whether  one  use,  for  example,  eosin 
or  erythrosin,  simply  because  these  substances  are  chemically  closely 
related  toone  another.  With  eiythrosin  it  is  easy  to  demonstrate 
the  intJKfellular  channels  of  nerve-cells,  while  with  eosin  it  is  vei-y 
diflicult.  If  I  had  not  discarded  erythrosin  because  of  its  glaring 
efTect,  I  might  have  generalized  my  first  observatidu  on  the  Malo- 
pterurus  cell ;  instead  of  which  the  credit  of  having  demonstrated 
the  general  occurrence  of  a  canalicular  system  in  ner^'e-cells  belongs 
to  Holmgren,  who,  erythrosin  apart,  has  been  using  my  methods  for 
both  fixing  and  staining. 

The  following  pages  are  essentially  based  on  the  genial  articles 
by  Gierke,  in  the  first  and  secood  volumes  of  the  Zeitschri/l 
/iJr  tcissfnsrha/lUche  Mifaroskopie.  Here  the  older  staining  methods 
up  to  1884  have  been  chronicled  in  a  masterly  manner,  and  the 
student  of  historj'  is  especially  recommended  to  peruse  hia  account, 
because  of  the  full  references  to  literature. 

Historical  revieir.  The  first  attempt  at  histological  staining,  apart 
from  the  use  of  iodine,  which  seems  to  have  been  used  very  early, 
WAS  made  by  the  botanists  Goppert  and  Cohn  in  1849,  who  used 
carmin  to  render  more  evident  the  rotation  of  the  cell  contents  in 
NiteUa  Jlcxilis,     Their  researches  stimulated  Hartig,  1854-1838,  to 
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employ  carmxn  for  staining  the  chlorophyll  granules  of  plants.  He 
also  attempted  to  throw  light  on  the  functions  of  the  nucleus,  by 
using  solutiona  of  carmin,  litmus,  black  ink,  copper  ^lulphate,  &c 
He  wa3  the  first  to  observe  that  the  nucleus  of  a  cell  stains  with 
dyes  only  after  it  has  been  killed,  and  that  albumin  and  gelatin  are 
readOy  stained  by  carmin,  while  gum,  mucus,  &c.,  do  not  stain. 
Hartig  is  the  discoverer  of  histological  staining,  but  his  work 
attracted  no  attention,  and  we  must  regard  Gerlach  as  the  founder 
of  the  practice  of  staiiiing. 

Quite  independently  of  Hartig,  Gerlach  was  led  to  the  discovery  of 
carmin  staining  by  obsei'ving  iu  1854  that  tissues  after  injection 
with  badly  prepared  carmin  gelatin  became  coloured.  He  naturally 
proceeded  to  stain  with  ammoniacal  cai-min,  but  fiuled  for  a  long 
time  to  get  satisfactory  results,  till  a  fortunate  accident  occurred  in 
1858.  A  section  through  a  cerebellum,  hai'dened  in  potassium 
bichromate,  was  left  by  an  oversight  in  an  exceedingly  dilute  solution 
of  ammoniacal  carmin,  and  when  found  24.  hom's  later  was  beauti* 
fully  stained,  the  nerve-fibres  and  nei've-cella  being  differentiated. 
Previous  failures  had  been  duo  to  the  use  of  too  concentrated  carmin 
solutions. 

The  apothecary  Maschke,  continuing  the  work  of  Hartig,  in  addition 
to  carmin,  also  employed,  for  the  fii-st  time,  indigo  (1859).  He 
divides  all  organic  substances  into  two  classes,  namely,  proteid  sub- 
stances which  stain  readily  (horn,  albumin,  gelatin},  and  the  cellulose 
group  wiiich  has  no  afiinity  for  dyes  (cellulose,  vegetable  membranes, 
at&rch,  sugar,  and  mucus),  and  predicts:  'Pigment  solution,  I  am. 
convinced,  will  in  future  be  quite  as  indispensable  as  iodine  solution, 
and  both  vviU  share  with  the  knife  of  the  anatomist  a  place  of  honour 
beside  the  microscope-'  In  1882  Maschke  recommended,  instead 
of  ammonium  carminate,  the  sodium  carminate,  a  salt  still  in  use 
at  the  present  day. 

Thiersch,  in  1865.  was  the  first  to  employ  carminates  in  combination 
with  borax  and  with  acida,  namely  with  oxalic  acid,  while  Schweigger- 
Seidel  introduced  a  combination  with  acetic  acid  (1868).  In  the 
same  year  Ran\'ier  used  carmin  in  combination  with  picric  acid 
as  a  double  stain,  after  Schwarz  in  the  previous  year,  1867,  had 
stained  material  first  in  carmin,  and  then  in  picric  acid  by  the 
following  procedure:  Tissues  were  first  boiled  for  one  minute  in 
a  mixture  of  creosote  (i  parti,  acetic  acid  (10  parts),  and  water  (20 
ports);  then  allowed  to  dry  completely;  next  cut  into  thin  slices  and 
macerated  for  one  hour  in  dilute  acetic  acid,  washed  in  distilled 
water,  stained  in  very  dilute  ammonium-earminate  for  24  hours  ; 
washed  again  in  distilled  water,  and  stained  in  0066  gram  picric  acid 
in  4CW  ccm.  water  for  2  hours,  and  finally  mounted  in  dammar 
balsam.  By  Schwarz's  method  the  results  are  the  same  as  those 
obtainable  by  Ranvier'a  picro-carmin  stain:  muscle-fibres,  gland- 
contents,  vessels,  and  nerves  are  yellow,  while  connective  tissue  and 
nuclei  are  stained  red. 

Haematoxylin  in  the  form  of  a  watery  extract  of  logwood  was 
first  tried   by  Waldeyer  in  1863,  who  endeavoured,  but  without 
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euocesa,  to  obtain  by  its  means  a  sharp  staining  of  axis-cylinders. 
Only  by  the  imblication  of  Brihiner's  thoroughly  scientific  formulae 
(1865)  can  haematoxylin  bo  said  to  liave  been  introduced  into  histo- 
logy (compare  p.  231}.  BtVhmer  iiswl.  as  did  practiwil  dyors,  haemato- 
xylin crystals  in  combination  with  alum,  the  hitt«r  acting  as 
a  mordant  (p.  225).     Later  it  was  pointi'd  out  by  Frey,  in   1868, 

|that  the  acldition  of  alum  to  the  linematoxylin  solution  could   l>e 

^diapensml  with  provi<!ed  the  tissue  hml  l^een  fixed  by  a  reagent 
acting  as  a  mordant  for  liaeniatoxylin.  siieh  fixing  reagents  being, 
for  example.  cii'pi>er  sulphate,  (.■hroniic  acid  and  its  salts.  These 
:ts  seem  to  have  led  Alleyne  Cwik,  in  1879,  to  combine  with  alum- 
laematuxyliu  a  second  mordant,  namely  copjwr  sulphate  (Iog\vood 
extract  6  parts,  alum  6  parts,  copper  sulphate  i  part,  distilled  water 
40  parts,  thymol  a  small  crystal). 

The  first  to  use  alum-haematoxylin  in  an  acid  solution  was  Ehrlich 
(1886),  the  idea  underlying  the  addition  of  acetic  acid  Ix^ingto  prevent 
thereby  the  dissociation  of  the  alum  into  free  sulphuric  acid  and 
basic  aluminium  compounds,  which  latter,  by  combining  in  the  stain- 

'Ing  solution  %vith  the  haematoxylin,  lead  to  the  precipitation  of  the 
insoluble  aluminium-haeniatoxylin  lake. 

Anilin  dyes  became  commercial  articles  in  1856,  when  Perkin's 

iinauveinc  made  its  appearance,  and  two  years  later  IL>fmann's 
Anilin-Roth,  or  what  is  now  ternxed  rosaiiilin  or  fuchsin,  was  on 
sale. 

Already  in   i86a  Beneke  recommended  for  histological  purposes 

r^oetic  acid  coloured  with  a  commercial  lilac  anilin.  probably  the 
znauveiue  or  anilin-violet,  and  in  1863  Frey  and  Waldeyer  used, 
independently  of  one  iniotlipr,  fuchsiu  (or  aniiin-i-ed),  which  the 
latter  stated  would  stain  nuclei  and  nucleoli  more  deeply  than  the 

loell-plasm,  and  the  axis-cylinder  more  quickly  than  the  medullary 
ith  of  nerves.     Waldeyer  also  employed  anilein  (or  anilin- violet) 
anilin-blue  (or  Parisian  blue). 
To  BOttcher  (1869)  belont'S  the  credit  of  having  introduced  the 

'method  of  differentiating  sections.  Ho  procured  a  sharp  staining 
of  the  nuclei,  while  the  cell-plasm  became  decolourized,  by  staining 
sections  in  watery  or  glycerin  solutions  of  rosanilin  nitrata,  differ- 

l^ntiating  in  alcohol,  clearing  in  creosote,  and  mountiDg  in  dammar 
or  Canada  balsam. 

The  method  just  described  is  generally  but  erroneously  attributed 
to  Hermann,  for  he  did  not  publish  his  results  till  1875.  Hermann 
recommended  to  fix  tissues  in  chromic  acid,  to  harden  them  in  alcohol, 
and  not  to  use  anilin  dj'es  which  were  walnr-holuble.  The  solution 
he  found  most  useful  consisted  of  rubinfiichsin  0-25  gmi.  dissolved 
in  20  cc.  of  96  per  cent,  alcohol,  to  which  Bubsequently  so  cc.  of 
water  were  added. 

Flemnjing  (1881),  not  knowing  of  Bfittcher's  work  and  attributing 
the  mothod  of  differentiating  to  Hermann,  endeavoured  to  extend  it, 
by  trying,  quite  indiscriminately,  acid  and  basic  dyes,  witli  the  result 
tliat  he  found  certain  dyes  such  as  eosin,  ponceau,  and  orange  did 
not  answer  (all  these  belong  to  the  acid  group),  while  Magdala  red, 
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dahlia,  nnd  especitiUy  safranin  (these  dyes  belong  to  the  basic  group) 
gave  good  results.  Flcimning  also  introduced  i  :  i.ooo  hydrocblorie 
acid  alcohol  for  facilitating  the  process  of  differeutiation,  after  La \v8on 
Tyit  in  1875  had  already  employed  4  per  cent,  nitric  acid  to  render 
the  nuclei  in  haematoxylin  preparations  of  a  roddish-brown  tint, 
while  tlie  cytoplasm  became  a  cherry'-red  colour. 

It  is  impossible  to  give  here  a  full  account  of  all  the  stains  which 
havo  Ijeen  advocated  up  till  now,  hut  the  more  important  ones  are 
given  in  the  following  table  : 

TaBL£   indicating    WIIEN   AND    BY   WHOM    THE   M0E£   IMPOETANT 

Dy£s  weke  fibst  used. 
Carmin. 
1849.  By  Gflpftert  and  Cohn. 
i85t,  'A  diiuto  carmin  solution '  by  Corti, 
1854.  AmmomuQ)  carminate  by  Ilartig. 

1865.  Borax  carmin  by  TLit^rsfli. 

1866.  Glycerin-alcoholic  carmin  by  Beale. 
1868.  Picrw-cnrmin  by  Ranvior. 
1870.  Ac«tic  acid  carmin  by  Frey, 
1876,  Alcoholic  carmin  by  Iloyur, 
1879.  Alum-carmin  by  Grcnacher. 
i88x  Sodium  carminate  liy  Miwfhke, 
1884.  Cnmiinic  acid  by  Dimmock. 
1900.  Oxidized  carmin  ('  caroiinein  ')  by  van  Wijhe, 

Litmus. 
1 854.  liitmua  by  Hortig. 

Indigo. 
1859.  Iniljgoby  Majiicliiko. 

1864.  Indigo  carmin  by  Chrzonazczewski,  for  intra  vitam  staining. 

1865.  Indigo-carinin  in  oxalic  acid  solution  by  Thterach. 

Anilin  Dyes. 
i86a.  A  lilac  anilin  dye  (?)  is  used,  in  aa  acetic  acid  solution,  for  the  first 

time  in  liisitology  by  B<'ii<^ke. 
1863.  Picric  acid  by  Roberts,  in  blood  invostigations. 
Fuchsin  by  Frey  and  also  Waldeyer. 
Anilin-violet  and  aniliu-bluv  by  Wnldeyer. 

1867.  Picric  acid  after  staining  in  carmin  by  Schwarz. 

1868.  Parma  bluo  by  Froy. 

1874.  I^iililii'L  1>y  Hu^ucuin,  and  also  by  Zuppinger. 
Cyaijin  by  Raiivior. 

1875.  Eoain  by  Fischer, 
lodine-violt't  by  Jiir^ens, 

1876.  Safranin  by  Ehrlich. 
Anilin  blue-black  by  Sankcy. 
Colin- Idack  by  Lays. 

1877.  Methyl  green  and  indulin  by  Calberla. 

1878.  Bismarck-brown  by  Weigort, 
iletJiylooHinj    aurantia,    itidulin,    nigrosin,    tropaoolin,    Bordeaux 

ponceau,  naphthylanun  yellow,  Aerlilgelb,  by  Ehrlich. 

1879.  Acid  fuchsin  and  met bylcne- bluo  by  Elirlich. 

1880.  M*'(hyl*?tjsin,  malacbitv  green,  and  Biobricher  ucarlot  by  Schwarz. 

1881.  Ofntijui-vinlel  and  Magrinla  red  by  Flemming. 
Sulplionic  acid  aniliu-blue  by  Frey. 
Nigrosiin  by  Errerii. 

188a.  Violet  B  (?)  by  S   Mayi-r. 

lodinc-grten  by  Qriesbach. 
1883.  Metanil-yellow  by  Qriesbacb. 
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1884.  Orange  O  by  Ehrlich. 

1885.  Tlih.nin  by* Ehrlich. 
Auilin-gre^n  (?)  Iiy  Schiefferdecker. 

1886.  Victoria  blue  by  Lustgitrten, 
Congo  rod  by  Orieabnclu 

1887.  Mi'taphpiiyleiio-diumin  +srtdium  mtrito  by  UnnA. 
Thiopheii«  grv«u  by  W,  Kraiit»i'. 

1888.  Hi-rLzoarurin  and  Dfllnpurpurin  by  Zachokke. 
Watt^rbiup  liy  Mitr-'phsnow. 

1890.  Toluidin-hhio  by  Hoycvr 

1891.  Light-gri'en  SF  nnd  ncid  violot  by  Bcnda. 
1893.  Polychromic  raethylene-blue  by  Unna. 

1893.  Pfttent  blue  (carmin  hlue)  by  Janaaoiu. 

1894.  Keatnl  t«d  by  Ehrlich. 

1898.  Kresyl-Tiolot  R  by  Ehrlich  nnd  Lazarus. 

1899.  Cafniloin  S  by  L<?nho!is<«k. 

1900.  KresitfuchHin  by  ROthig. 
Oxonin  by  Ehrlich. 
jRHUs-ifrcwn  by  Hichaelis. 

190X.  P*ra-dimethyI-amido-benzaldehydo  by  Ehrlich. 

Haematojcylin. 
1863.  Logwood  oxtrftot  by  Wnldeyer. 

1865.  Alooholic  oolutioo  of  alutn-haematoxylin  by  B^bmer. 
1876.  Calcium  cldoride  +  alum  haematoxylin  by  Klein«Dberg» 

1879,  Alumcopper-hnematoxylin  by  Alh-yne  Cook. 
t88f.  OlycerJn-alum-baematoxylin  hy  Ronaut.  * 
1886.  Acid  alum-haematoxylin  by  Ehrlich. 
1891.  Haematein  aabatitutud  for  haematoxylin  by  P.  Mayer, 

Akanna. 

1863.  Alcanna  by  Waldeyer  (a  watery  extract). 
tSSa.  An  alcoholic  extract  by  Dippel. 

Alisarin. 

1864,  Alizarin  by  Liebcrktibn  Tor  intra  ritam  staining. 

1880,  Alcoholic  alizarin  by  B<*nezur. 
2895.  Aiixarln  uaed  adjectirely  by  Rawitz. 

(XAct-  Dye* 

1874.  Pnrpnrin  by  Ranvier. 

1875.  Extract  of  red  cabbage  by  Lawson  Tait. 
1878.  Orweillo  by  Wedl. 

1886.  Orcein  by  Isra«d  for  general  histological  purpoaea. 
1891,  Orcein  for  elastic  fibres  by  Tiinzer-Unna. 

1884.   Extract  of  Vnerinium  myrtiUxu  by  Lavdowaky. 

1887.  Kernschwarz  by  Platncr. 

CHAPTER  XVL 
Classification  of  the  Staiwino  Methods. 

A  STSTRMATic  classification  of  the  different  staining  metbods  will 
be  poosible  only  after  the  laws  have  been  determined  which  govern 
the  processes  of  dyeing.  Theoretically  it  is  easy  to  make  a  scheme, 
hut  the  fittini?  into  this  scheme  of  certain  methods  is  in  many  cases 
quite  impossiltks  as  we  <lo  not  know  the  extent  to  which  either 
chenueal  or  physical,  or  both,  factors  come  into  play. 

For  practical  purposes  the  classification  of  Bancroft  into  'substan- 
tive,* or  direct,  and  'adjective,'  or  indirect,  methods  is  the  most 
useful.  Tlie  direct  staining  process  implies  that  either  the  chemic^il 
or  the  physical  nature  of  both  the  tissue  and  the  stain  are  so  int«r* 

o  2 
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related  that  by  the  end  of  the  dyeing  process  the  tissue  has  acquired 
the  eoL>ur  of  the  dye.  The  indirect  or  adjective  stfliiiing  method  on  the 
other  hand  requires,  in  addition  to  the  dye  and  the  material  to  be  dyed, 
the  pi'esence  of  a  third  substance  which  brings  about  the  union  between 
tissue  and  stain.     How  this  is  done  will  be  shown  later  (p.  227). 

The  direct  methods  are  most  readily  subdivided,  according  as  to 
whether  purely  physical  or  physico-chemicsil  factors  predominate 
during  tlie  act  of  dyeing,  A  further  subdivision  may  be  made 
by  separating  those  dyes  which  stain  after  having  undergone  electro- 
lysis or  hydrolysis,  from  those  which  stain  by  the  whole  undissociated 
dye  molecule  combining  with  the  tissue.  Closely  allied  to  this  last 
group  are  also  the  dyes  which  form  additive  compounds  owing  to 
a  process  of  oxidation. 

Still  another  subdivision  may  be  made  by  distinguishing  the  dyes 
which  bring  about  the  desired  result  at  once,  and  those  which  require 
a  si^ecial  process  of  *  differentiation.' 

The  term  '  differentiation  '  implies  that  the  primary  staining  effect 
obtained  by  acting  on  a  tissue  with  a  dye  is  modified,  secondarily, 
by  some  special  after-treatment,  w^bich  induces  only  certain  tissue- 
elements  to  remain  stained  or  to  stain  in  different  degrees. 

Where  it  is  desired  to  stain  a  tissue  by  more  than  one  dye,  the 
various  stains  may  be  used  simultaneously  or  successively,  and 
the  dyes  so  employed  may  be  mixtures  of  colour  bases  or  of  colour 
acids,  colour  acids  followed  by  colour  bases  or  vice  versa,  or  colour 
salts,  the  latter  term  including  Elirlich's  *  neutral '  dyes. 

Tahh  showing  methods  of  staining. 

I.  Physical  union  takes  place  between  dye  and  tissue  because  the 
chemical  affinities  of  the  latter  are  either  already  satisfied  or  cannot 
l>e  satisfied  by  the  dye. 

A.  Tho  factors  necessary  to  produce  physical  staining : 

1.  The  state  of  the  tissue  with  respect  to 
(a)  moisture. 
(&}  power  of  swelling, 
(c)  texture  and  permeability. 
{d)  size  of  objects. 

(e)  presence  or  absence  of  the  fixative. 

2.  The  state  of  the  stain  with  respect  to 
(a)  solubility, 
{b\  concentration. 

(f)  rate  of  diffusion. 
{d)  power  of  staining  deeply  (covering-power). 

3.  The  nature  of  the  solvent. 

4.  Time. 

5.  Temperature. 

B.  Effects  produced  by  the  interaction  of  the  factors  enumerated 
under  A : 

I.  By  staining  with  single  dyes. 
{a}  Tho  result  of  interrupting  the  process  of  diffusion  into 
the  tissue. 
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(ii)  The  result  of  differentiating : 

(i)  By  causing  the  diffusion  outwards,  of  the  dye  already 
in  the  tisane, 
(<i)  through  physical  means. 
[a]  through  chemical  means, 
(2)  By  allowing  other  dj'es  to  diffuse  inwards. 
2.  By  staining  with  a  mixture  of  dyes, 
(The  subdivisions  as  under  i,) 
II.  Chemical  union  between  dye  and  tissue  takes  place,  after  the 
stain  hu9  been  brought  in  contact  with  the  tissue  by  physical  means. 

A.  Direct  chemical  union  takes  place  Lotween  tlie  tissue  and 

the  stain.     (Bancroft'^s  substantive  method  of  staining.) 
I.  No  differpntiation  is  required,  the  dye  being  offered  m  such 
a  maimer  that  only  certain  tissue-elements  absorb  it. 
(a)  Staining  with  single  substances : 
(0)  colour  acids. 
{&)  colour  bases. 
(7)  colour  oxides, 
(fe)  Staining  with  several  dyes: 
(i)  Simultaneous  application  of 
(fi)  colour  acids. 
(ti)  colour  bases, 
(y)  colour  salts. 
(2)  Successive  application  of 

(n)  colour  acids  followed  Ity  colour  bases. 
{^)  colour  Ijiises  followed  by  colour  acids, 
a  Differentiation  is  required  because  the  dye  is  offered  in 
such  a  way  that   more  th:ui  one  substance  is  imbibed 
by  it     The  removal  of  the  stain  from  tissue  elements 
which  wo  desire  to  bo  colourless  or  to  stand  out  in  one 
pArtioular  tint  is  brought  afjout  by  chemical  agencies 
(a)  Aft4:^r  staining  ^\ith  one  stain: 
(i)  colour  acids, 
(a)  colour  l>a9es. 
{b)  After  staining  with  more  than  one  stain. 

B.  Indirect  chemical  union  between  the  tissue  and  tlie  stain 
is  brought  about  through  the  agency  of  a  third  substance 
called  a  mordant.   (Bancroft's  adjective  method  of  staining.) 

1.  The  mordant  is  an  acid. 

2.  The  mordant  is  a  base. 

3.  The  mordant  is  a  salt. 

C.  Chemical  union  takes  place  between  the  stain  and  substanceA 
with  which  the  tissue  has  previously  been  impregnated: 

(a)  impregnation  with  fixatives. 
[h)  impregnation  with  amido  acids, 
(r)  im)»regnntion  with  tannin. 
{d)  inipi^gnation  with  jiroteids: 

(a)  nucleic  acid. 

{p)  albumoee. 


PHYSICAL  METHODS  OF  STAINING 


CHAPTER  XVn. 


Physicai.  Methods  of  Staikino. 

I,  A.  Physical  factors  which  deteraiiae  staining. 

I.  The  state  of  the  tissue. 

(a)  Moisture. 

Ehrlieh ',  in  1878-9,  drew  Bpecial  attention  to  the  physical  aspect 
of  fixing  by  pointing  out  that  certain  granules,  which  show  an  affinity 
for  the  dye  indulin  or  nigrosin,  on  heating  lose  this  power^  being 
now  only  stainable  with  eosin.  The  indulin,  ^•,  or  amphophil 
granules  he  held  at  that  time  to  he  young  eosinophilous  or  a-  granules 
and  to  differ  from  the  adult  form  in  containing  more  moisture,  which, 
by  careful  heating,  could  be  driven  off  (compare  also  with  p.  199). 
Ehrlieh  fiu'ther  noticed  that  a  number  of  dyes  will  not  stain,  even 
if  used  in  saturated  solutions,  provided  the  solvent  be  anhydrous. 
Thus  dahlia  and  fuchsin  in  absolute  alcohol  do  not  stain  the  y-granuleg 
of  mast-cells.  Similarly,  other  dyes  dissolved  in  pure  glycerin  or 
glacial  acetic  acid  also  fail  to  act  as  stains. 

This  observation,  along  with  the  fact  that  watery  solutions  over- 
stain,  has  led  Ehrlieh  to  add  glycerin,  and  in  some  cases  acetic  acid, 
to  his  staining  mixtures.     The  credit  of  originating  the  idea  of  com- 
bining extractives  with  the  staining  solution  seems,  however,  according  j 
to  Westphal ',  a  pupil  of  Ehrlieh 's,  to  rest  with  Hermann,  who  usedi 
alcohol,  and  with  Schafer,  who  employed  glycerin. 

(6)  The  power  of  swelling  up. 

Elirlich,  according  to  the  testimony  of  his  pupil  Schwarz',  was 
the  first  to  point  out  that  a  diminution  of  stiiining  capacity  is  always 
accompanied  by  a  swelling  up  of  the  tissue,  while  an  increased  affinity 
for  dyes  depends  on  coagulation,  because  coagulated  albumin  poe 
greater  affinity  for  many  stains  tlian  does  uucoagulated  albumin. 

Gierke*,  following  up  the  ideas  of  Ehrlieh,  also  stated  (1.  c,  213) 
that  viscous  substances  cannot  be  stained  i>ermanently  as  long  as 
they  are  in  a  viscous  state  ;  that  it  is  essential  to  limit  the  power  of 
swelling  up,  and  that,  generally  speaking,  the  firmer  a  tissue  is,  the 
better  it  will  stain.  For  this  reason  he  supposed  living  tissues,  in 
which  metabolism  is  going  on,  not  to  stain  at  all  or  only  very  tem- 
porarily ;  newly  dead  material  to  stain  fairly  well,  while  that  quite 
dead  stained  best^  as  the  molecules  had  settled  down  into  a  more 
rigid  system. 

There  is,  however,  a  more  important  factor,  namely,  that  the  proteid, 
when  living,  is  in  the  pseudo-acid  or  basic  atjite,  in  wliich  it  cannot 
react  chemically.  To  ensure  permanent  staining,  no  matter  whether 
chemical  or  physical,  it  ia  necessary  either  to  coagulate  moist  tissues 

'  Ehrlieh;   Verh.  d.  phi/siof.  Oeadisch,,  Berlin,  20  (1878-9). 

'  Eugen  Weatphal :  '  Dissertation  gist  January,  18B0' ;  P.  Elirlich  :  '  Farben- 
analjrtische  Untors.  z.  Hist.  u.  Kliaik  d.  BXxxie:^'  GosammelU  Mitth.,  Hirachw&ld, 
Berlin  (1891). 

'  Schwarz  :  'Inaugural   DlHsertation '  (1880);  see  also  Ehrlieh 's 
Millheilungfti, 

*  Gierke  :  '  Farberoi  z\i  mikroskopischen  Zwecken/  Zeitach./.  uiiaa.  MikmA, 
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by  chemical  or  physical  meiuis,  and  thereby  to  render  them  only 
partly  BoIuLk>,  or  to  allow  the  prottiids  to  lose  their  moisture  by 
dehydnition  and  then  subsequently  to  modify  their  power  of  re- 
ubsorbing  water. 

This  latter  end  may  be  achieved  in  two  ways,  namely,  either  by 
dis8olvuig  the  stains  in  strong  alcohol,  glycerin  or  similar  suh- 
fvt«n<?e9,  which  act  also  as  dehydrating  agents ;  or  by  employing 
Ehrlich's  principle  of  heat-tixation,  which  renders  tissues  more 
or  less  water-insoltiblo  according  to  the  length  of  time  or  the 
temperature  at  which  the  dry  heat  is  allowed  to  act. 

The  most  likely  explanation,  when  we  are  dealing  with  chemical 
interaction  between  tissue  and  stain,  is  to  assume  that  the  siile- 
chains  (p.  187)  uf  either  interact,  satisfying  mutual  desires.  No 
interaction  is  supposed  to  take  place  when  the  dye  stains  physically, 

will  be  explained  more  fuDy  afterwards. 

(c)  Texture. 

Ehrlich  having  conceived,  in  1878-9,  the  idea  that  moieture  is 
essential  for  staining  was,  of  npcessity,  led  to  the  view  that  loss 
of  water  or  dehydration,  as  practised  at  ordinary  temperaturrs,  must 
produce  a  shrinkage  of  the  proteid,  and  thereby  a  diminution  in  the 
size  of  the  intermolecukr  spaces.  Ehrlich  had  observed,  firstly,  th;»t 
red  blood'corpuscles,  enntaining  haemoglobin,  have  an  affinity  fi»r 
all  the  members  of  the  nitro-group  of  dyes  (p.  383) ;  secondly,  that 
without  having  l>een  heated  the  red  corpuscles  stain  both  tir  juinintia, 
which  is  a  dye  having  a  largo  molecule,  (N(XJjC„II,^]SH(.'^H..(NO,| , 
and  diffusing  therefore  slowly,  and  also  in  picric  acid,  which  has 
a  much  smaller  moWule,  tNOj),C^H,.0H,  and  diffuses  rapidly ;  and 
thirdly,  that  the  more  highly  the  red  corjiuscles  are  heated  the  less 
they  will  stain  with  aurantia,  till  if  heated  up  to  180^  C  they  will  even 
cease  to  stain  in  picric  acid.  The  explamition  offf-red  is  that  by 
dehydration  the  intermolecular  channels  become  so  close  as  to  inter- 
fere at  first  with  the  entrance  of  the  large-moleculed  aurantia ;  and, 
finally,  also  with  the  diffusion  into  the  corpuscle  of  tlie  smaJl-mole- 
cule<l  picric  acid.  That  different  tissues  react  differently  to  heat  was 
lown  by  the  fact  that  the  a-granules  of  the  eosinophjious  graimles 
till  retaine«.l  their  power  of  being  stained  when  the  red  corpuscles 
had  already  lost  their  power. 

Similarly  the  /i-grnnuleH  in  the  amphophilous  leucocytes  of  tliB 
rabbit  were  found  to  stain  according  to  tlie  amount  of  heat-fixation  in  a 
glycerin  mixture  of  iiidulin,  eosin,  and  aurantia,  successively  black, 
black-red,  reti,  reddish-yellow,  and  finally  pure  yellow.  The  purely 
neutrophil  or  e-  granules  of  man,  monkey,  dog,  and  pig  by  overheating 
«lo  not  stain  in  the  neutral  tint  of  the  triacid  mixture  (p.  220),  but  red, 
••ecoming  pseud o-eosinophil  ;  and  from  thfi  neutrophil  methylene- 
blue-e<J8inate  mixture  they  also  take  up  under  these  conditions  the 

nn  radical '. 

The  b«»t  tomperature  for  heating  blood  filiHB  U  lao'-Mo'C.  for  one  to  two 
hours;  u  thereby  the  red  lilood-corpuacluA  are  rendered  quite  insoluble,  and  the 
whito  corpuaeles  retain  their  staining  reactions,  H<>ating  up  to  160- C.  cauaea 
Iho  eoainophiloua  granules  to  fuae  together  into  wax-like  maaaea  ^Weatphai;. 


200 


PHYSICAL  METHODS  OF  STAINING 


How  the  texture  of  objects  modifies  the  staining  result  is  further 
shown  by  impregnating  albumose  granules  witli  platinum  chloride; 
— cfirefully  wiiahing  out  the  fixative  which  waa  used  ; — reimpreg- 
nating  the  granules  with  new  albumose  solution  during  20  liours,  and 
then  finally  by  precipitating  the  freshly  introduced  albumose  inside 
the  old  granides  with  i  por  cent,  chromic  acid.  Tlio  comparatively 
loose  albiimose-platino-chloride  granules  by  this  secondary  impregna- 
tion and  fixation  become  so  dense,  that  using  the  Ziehl-Xeelsen 
method  for  staining  tubercle  bacilli,  the  granules  may  now  be  left 
for  five  minutes  in  5  i>er  cent,  sulphuric  acid  without  becoming 
decolourized,  while  without  impregnation  they  very  quickly  lose 
their  stain  (A.  Fischer). 

(rf)  The  cul>ic  capacity  of  objects. 

Tlie  size  or  cubic  capacity  of  objects  to  be  st&ined  ia  a  factor  which 
must  never  be  lost  sight  of  in  staining,  as  has  been  done  only  too 
frequently  in  the  past.  Personally  I  had  realized  the  importance 
of  the  size  of  objects  quite  early  in  1890,  while  working  at  nucleari 
changes  in  plants,  and  had  then  arrived  at  conclusions  similar 
to  those  which  have  been  put  forward  by  Haciborski ',  Heine*, 
Galeotti^,  and  Fischer*. 

Raciboi-ski  stated  that  staining  dejjended — (1)  on  the  method  of 
fixation  and  subsequent  manipulations  ;  (2)  on  the  nature  and  satura- 
tion of  the  dye,  and  the  length  of  time  it  was  allowed  to  act;  and 
(3)  on  the  texture  of  tbe  tissue.  He  also  stated  that  the  double 
staining  with  an  iodine-green  and  fuchain  mixture  depended  not 
on  chemical  reacttoua,  but  was  due  to  differences  in  surface  attraction. 

Heine  has  similarly  pointed  out  that  only  physical  factors  deter- 
mine whether  out  of  a  mixture  of  methyl-greon  and  safranin,  this 
or  that  dye  shows  special  affinities  for  certain  tissue-elements ;  and 
Galeotti,  speaking  of  acid  fuchsin,  says  that  in  using  the  term 
'fuchsinophil*  he  only  means  to  imply  that  the  acid  fuchsin  is  taken 
up  by  certain  elements  owing  to  their  special  size  or  density, 

Fischer*  has  made  the  most  exact  investigation  into  the  ]>hysical 
causes  of  staining,  and  to  his  work  I  shall  be  constantly  alluding 
when  discussing  the  efl^ects  of  physical  staining ;  but  I  du  not  hold 
with  him  that  all  staining  dej^ends  on  physical  factors,  which  latter 
he  supposes  to  be  much  more  subtle  than  the  coarser  chemical 
affinities  (1.  c,  119), 

For  his  researches  into  the  physical  aspect  of  staining  Fischei 
required  granules  varying  greatly  in  tlieir  size,  and  obtained  them' 
in  the  following  way:    Osmium  tetroxide,  |>otassium   bit-bromate, 
or  Altmann's  fixative  are  all  neutral  in  their  reaction  and  do  not 
precipitate  a  40  per  cent,  neutral  albumose  solution  ^     On  acidifying 

'  Raciborski :  'Uber  d.  Chiomfttopliilio  d.  Euibryosackkorne,' j4w»s<ifer  d.  Akad. 
d.  Wiss.  Krakau,  1893. 

*  Ht>ino  :  'Dio  Mikrochemie  d.  Mltoso,  Ac.,'  Zeiltch.f.  phyaial.  C/temie,  21  (1895). 
'  Qaleotti  :  '  Bcitrng  z.  Kenntuiiis  d.  Secretiooaerscheiaangen,'  Atch,  f.  mikr, 

Anat,  48  (1897'). 

*  Fischer  :  Fixirung,  Farbung  u.  Bau  d.  Prod^asmas  (18991. 

'  W,  A.  Odborne  has  failed  to  get  a  40  per  cent,  albumoso  solution,  aa  he  telU 
me.     I  have  used  a  10  per  cent,  aolulion  for  my  experimeiita. 


METHOD  OF  OBTAINING  PROTEID  GRANULES    201 

the  neutral  solution,  however,  a  precipitate  is  formed,  the  nnture 
and  amount  of  wliich  is  determined  by  the  quantity  of  acid  addud 
and  the  time  the  hitter  is  allowed  to  act. 

To  obtain  granules  of  different  sizes  Fischer  proceeds  thus :  Add  to 
8  cc.  of  a  very  ijlightly  acid  almost  neutral  stvlution  of  40  per  oent. 
albumose  solution,  16  cc,  of  a  2-5  per  cent,  s^dution  of  i^H:»tas8iuni 
bichromate,  mix  the  two  solutions  well^  and  itour  the  mixture  into 
a  Petri-capsule,  or  any  Hat  glass  dish.  After  24  hours  the  mixture 
will  have  become  milky  in  appearance  owing  to  tbe  formation  of  very 
minute  granules,  but  as  yet  no  sediment  is  deposited.  Now  add 
1  cc.  of  glacial  acetic  acid  and  mix  quickly,  when  there  is  thrown 
down  a  heavy  precipitate  consisting  of  granules  varying  in  aizo  from 
0*7  to  8  fu 

A  second  method,  depending  on  the  principle  that  a  weak  iixative 
rlbrms  minute  granules  while  a  strong  hxative  produces  large  ones, 
is  as  follows : — To  10  cc.  of  a  40  per  cent,  albumose  solution  add 
I  cc.  of  10  per  cent.  *  platinum  chloride '  (see  p.  78),  and  mix  well. 
After  24  hours  a  primary  precipitate  consisting  of  minute  granules 
varying  from  04  to  3  /i  will  Ije  seen.  Now  add  10  cc.  of  10  jier 
cent.  *  platinum  chloride  '  to  completely  throw  down  all  the  albumose. 
The  second  precipifate  formed  in  this  manner  consists  of  granules 
composed  of  the  primary  and  secondary  precipitates  up  to  10  }i  in 
diameter,  so  that  in  the  sediment  granules  are  to  be  found  of  all  sizes 
from  04  to  10  )u 

These  sediments  are  then  distributed  on  cover-glasses,  the  latter 

[•re  allowed  to  dry,  are  then  fixed  by  heat,  and  may  bo  used  directly 

I  After  a  slight  rinsing  in  water  to  remove  the  excess  of  the  fixative 

[outside  the  granules,  or  may  be  thoroughly  washed  so  as  to  extract 

am  the  granules  any  fixative  whicli  is  not  united  to  the  albumose 

a  firm  chemical  compound.    la  many  cases  it  is  prefemblo  to  wash 

the  precipitate  as  a  whole  and  to  make  cover-glass  pre[iarations  with 

the  washed  material.     What  use  these  cover-glass  preparations  are 

put  to  is  fully  described  on  p.  206, 

{e\  The  importance  of  removing  the  fixative  has  long  been  recognized, 
L.l»ecau8e  in-Hutficient  removal  always  leads  to  great  difficulties  being 
experienced  in  staining.    Fischer,  who  represents  the  physical  school 
of  dyers,  believes  that  tlie  fi.xative,  if  not  washed  out,  blocks  the  inter- 
molecular  spaces,  and    thei^eby  prevents  the  dyes   from   entering. 
I  believe  that  fixed  tissues,  after  the  removal  of  the  so-called  excess 
of  the  fixative,  contain  cerUin  unsatisfied  side-chains  (p.  187)  which 
bring  about  the  union  with  the  dyes,  a  view  which  will  be  discussed 
more  fully  later  (p.  367) ;  and  alno  that  these  side-chains,  as  long  as  the 
[Native  is  pre.sent  are  satisfied  by  it  and  therefore  do  not  show  any 
[Affinity  for  the  stains.    (For  the  inteniction  of  stains  and  fixatives, 
[tee  p.  256,  where  also  the  removal  of  the  fixative  is  discussed.) 
2.  The  state  of  the  stain. 

(a)  The  solubility  of  anilin  dyes  in  water  varies  greatly,  but  no 
surate  determinations  have  been  made  up  till  now.     Generally 
apeaking  basic  dyes  are  much  less  soluble  than  acid  ones.     The  least 
soluble  amongst  the  basic  dyes  ia  fucbsin  (solubility  about  0'5  per 
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cent),  and  tli©  most  soluble  is  methyl-green  (solubility  about 
8  j>er  cent.),  ivhile  methylene-blue,  with  about  4  per  cent.,  is 
intermediate.  Solutions  freshly  prepared  swm  to  be  much  more 
saturated  than  old  solutions :  basic  fuchsin,  especially,  and  also 
methy!ene-bluo  are  apt  to  form  sediments,  although  to  beju'in  with 
the  solution  may  have  been  complete.  Amongst  acid  dyes  the  least 
soluble  is  picric  acid  {solubility  at  20' C.  about  i  per  cent.),  and  ti-osin 
has  a  Bohibility  of  at  least  2  per  cent,  while  orange  G-  and  acid 
fuchsin  iiave  respectively  the  solubilities  of  a))out  14  and  77  percent,, 
accoiding  to  Paul  Mayer  (p.  221).  All  other  sulphouic  acids  resemble 
acid  fuchsin  in  also  being  extremely  soluble. 

{h\  The  saturation  of  dyes. 

The  sjituration  or  concentration  of  dyes  is  a  very  important  factor 
in  physical  stjiining,  for  it  determines  the  depth  of  the  stain,  the 
amount  of  the  diffusing  dye  being  always  proportional  to  its  saturation. 

On  mixing  two  clear  solutions  of  two  dyes  it  does  not  follow  that 
in  the  mixed  solution  the  dyes  will  be  in  the  proportion  in  which 
the}''  were  mixed,  as  either  both  or  one  of  them  may  be  pailially 
or  completely  precijutated,  or  even,  although  in  solution,  may  not 
be  dissociated  electrolyticsdly.  Whether  precipitated  or  undissociated 
the  dye  in  <^uestion  will  have  its  staining  power  and  staining  pro- 
perties greatly  altered. 

Thus  on  mixing  clear  solutions  of  two  basic  dyes  one  may  be 
partially  precipitated,  as  is  the  case  with  basic  fuchsin  wliich  ia 
thrown  down  by  both  methylene-blue  aud  methyl-green,  or  witL 
sarranin  which  has  its  solubility  diminished  by  methylene-blue. 
On  mixing,  however,  safranin  and  gentian-violet  solutions,  the  latter 
ia  partially  precipitated  (Fischer).  Analogously,  on  mixing  the  two 
acid  dyes  eosin  and  picric  acid,  the  former  is  rendered  partially 
insoluble,  and  mixing  colour  acids  with  colour  bases  leads,  as  will 
be  mentioned  repeatedly,  to  a  precipitation  of  the  neutral  insoluble 
colour  salt  (see  p.  442). 

On  adding  an  alum  solution  to  a  solution  of  eosin  a  yellowish- 
orange  pr^cipitato  is  thrown  down,  which  the  French  school,  as 
represented  by  Ranvier  and  othera,  beliovo  to  lie  the  free  colour  acid, 
tetrabrom-fluorescein  ;  in  Germany,  Fischer  in  special  believes  the 
eosin  to  be  precipitated  as  sucli.  I  have  made  the  following  experi- 
ment, which  shows  Ranvier  is  in  the  right: — A  watery  I  percent, 
easin  was  precipitatwl  with  a  saturated  alum  solution ;  the  precipitate 
was  filtered  off  and  washed  in  five  changes  of  distilled  water,  the 
filtrate  gradually  becoming  of  a  distinctly  rod  colour,  showing  that 
the  precipitate  was  slightly  soluble  in  water.  The  sediment  which 
remained  on  the  filter  was  dried  at  40'' C,  and  when  completely  dry 
extracted  with  pure  chloroform  in  which  the  same  eosin,  as  a  dry 
powder  but  not  acted  upon  by  alum,  was  quite  insoluble.  The 
chloroform  was  coloured  a  deep  yellow  tint  with  the  eosin,  which 
had  been  treated  with  alum,  showing  the  presence  of  the  free  tetra- 
brom-fluorescein (pp,  214  and  429).  When  tlierefore  Fischer  gives 
eosin  as  an  example  of  a  dye  which  stains  more  deeply  after  the 
addition  of  alum,  simply  because  it  is  rendered  thereby  less  soluble, 
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he  is  mistaken,  and  consequently  his  physical  explanations  of  staining 
with  supersaturated  solutions,  as  far  as  eoain  is  concerned,  :u-e  wrong. 

He  seems,  however,  to  be  in  the  right  when  he  gives  indulin  as 
an  example  of  an  acid  dye  which  is  rendered  less  soluble  by  the 
addition  of  sulphuric  acid.  It  is  possible  to  precipitate  this  dye  inside 
ithe  platino-ohloride  granules  of  thymus-nucleic  acid,  by  allowing  the 
dye  to  diffuse  into  the  intormolecular  spaces,  and  thf n,  by  the  addition 
of  sulphuric  acid,  to  render  the  indulin  insoluble  and  thus  ti»  cause 
it  to  be  retained  by  the  granules.  Fischer  adds  to  ig  cc.  of  2  per 
cent,  indulin  solution,  in  the  course  of  10  minutes,  gradually,  14  drops 
of5  per  cent,  sulphuric  acid.  I  find  if  this  same  procedure  be  used 
that  very  instructive  prej>anitions  of  areolar  tissues  can  be  obtained, 
^Vesembling  the  well-known  negative  silver-nitrate  specimens.  Pro- 
ceed thus: — Make  a  film  of  areolar  tissue  on  a  slide,  fix  it  with 
alcohol,  romove  the  superfluous  alcohol  with  cigarette  paper  and 
cover  quickly  with  a  few  drpps  of  2  per  cent,  indulin  19  cc.  -f 
5  per  cent.  H^SO^  i  cc.  Remove  the  dye  in  10  minutes  by  rinsing 
in  water  and  let  the  preparation  dry  spontaneously.  In  this  case 
we  are  dealing  with  a  purely  physical  staining  effect,  the  dye  being 
precipitated  in  all  elements  excepting  the  very  dense  winged  connec- 
tive tissue-colla. 

(c)  The  rate  of  diifueion  of  dyee. 

Oriesbach  '  was  the  fii-st  to  analyse  the  difference  in  the  rate  of 
d  illusion  between  azo-Idtio  and  gold -orange  by  means  of  the  dilTusion 
apparatus  commonly  used  in  physical  research  :  but  the  best  and  most 
thorough  investigation  wo  owe  to  Fischer',  who  chose  gelatin  as 
being  a  suitable  medium  for  the  study  of  the  phenomena  of  diffusion, 
for  in  all  colloid  substance's  diffusion  goes  on  at  the  same  rate  as  in 
water*;  and  further,  any  salts  which  may  1*g  present  in  the  gelatin 
falto  do  not  interfere  with  the  travelling  of  the  dye  molecules,  because 
'  on©  salt  diffuses  through  the  solution  of  another  one,  almost  as  quickly 
as  in  pure  water*.  A  third  law,  formulated  by  Graham,  must  also 
be  kept  in  mind  : — From  a  mixture  of  salts  each  component  will 
diffuse  with  its  own  s|>ecific  speed,  the  faster  one  being  slightly 
accelerated  while  the  slower  one  is  slightly  retai-dtd*. 

Fischer  pet-formed  his  experiments  in  the  following  manner : — 
A  dear  10  per  cent,  gelatin,^  just  perceptibly  acid,  or  in  other 
experiments  very  faintly  alkaline,  was  poured  over  a  number  of 
slides  in  approximately  tho  same  thickness,  and  was  allowed  to 
solidify ;  neutral  gelatin  was  not  used  because  it  is  apt  to  become 
acid  on  its  own  account,  and  would  therefore  vitiate  the  experiment. 
Platinum  wire  04  mm.  thick  was  bent  round  a  circular  glass  rod 
measuruig  4  mm.  in  thickness  so  as  to  form  a  perfectly  round  loop, 


*  GrI««baoh  :  '  Weitere  Untorik  U.  AsorarbstoiTe,  fto.,'  Zeitaeh./.  vtu,  MUenak.  8, 
(1886;. 

▲Ifrvd  Fischer:  Pixirung,  Firlfwig  M.  Ban  d.  l^otaplatmat,  laa  (1899). 
Ovtwald  :  X>i«  wuttnacJKtfllUhfn  Grvndlofim  d,  (irui/yt  ChetnU,  687  C>694'* 

*  Ovtwald  :  LehrtnuX  d.  Chtmir,  I,  675. 

*  Ontwnld:   ibid.,    1,  699;    Wiiikelmann  :   Lthriiuch  d,   rhysik,   pp.  616,  61 
Walker :  ElectTv-chettii^ty  1J901}. 
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which,  not  taking  the  menisci  into  consideration,  holds  about  5  cmm. 
of  fluid  ;  the  dyes  were  employed  in  strengths  of  05  per  cent.,  and 
a3  differeueea  in  temperature  greatly  alter  the  rate  of  difl'usion  all 
the  dyes  were  used  in  each  set  of  experiments,  the  average  tempera* 
ture  being  20'  C. 

By  means  of  the  platinimi  loop  a  drop  of  the  stain  was  placed 
in  the  centre  of  the  slide  covered  with  gelatin  ;  the  slide  was  put 
at  once  under  a  bell-jar  made  air-tigbt  with  water  ao  as  to  prevent 
the  gelatin  drying;  and  every  two  hours  the  total  diameter  of  the 
coloured  area  %vas  measured  by  placing  the  slide  over  a  millimetre 
scale. 

The  alkaline  gelatin  above  referred  to  was  used  for  determining 
the  rate  of  diffusion  of  acid  dyes,  such  as  eosin  and  the  salts  of  the 
sulpho-acids,  acid  fuchsin  and  light -green.  As  sulpho-acids  in  the 
presence  of  alkalies  become  colourless,  the  amount  of  diffusion  must 
be  determined  by  holding  the  slide  momentarily  over  the  mouth  of 
a  bottle  containing  acetic  acid,  and  thus  restoring  the  colour,  or  a 
watch-ghiss  with  a  few  drops  of  acetic  acid  may  be  placed  under  the 
bell-jar  containing  the  alkaline  gelatin. 

Taking  the  rate  of  diffusion  of  light-green  as  unity,  the  relative 
rate  of  diffusion  of  anilin  dyes  is  as  follows : — Indulin,  0-9  ;  light- 
green,  I  ;  acid  fuchsin,  eosin,  fuchsin,  safranin,  methyl-green, 
mefchylene-blue,  1-3,  and  picric  acid,  2-i. 

By  subtracting  from  the  total  diameter  of  the  coloured  area  the 
diameter  of  the  original  drop,  naui<-]y  5  mm.,  and  dividing  the  re- 
mainder by  2,  the  absolute  rate  of  diffusion  was  readily  determined. 

The  following  table  calculated  in  this  way  indicates  the  distance, 
in  millimetres,  a  05  per  cent,  solution  of  a  dye  will  travel  every  ten 
rainuteSj  2,  4,  and  24  hours  after  commencement  of  the  experiment 
It  will  be  noticed  that  the  rate  of  diffusion  gradually  diminishes 
owing  to  a  diminution  in  the  concentration  of  the  dye ;  that  eosin 
at  fii'st  diffuses  more  quickly  than  safranin,  and  that  similarly 
methylene-blue  also  travels  at  first  faster  than  do  the  other  basic 
dyes,  but  that  after  24  hours  the  rate  has  become  much  moral 
uniform. 

Table  indicating  the  Distance  covered  every  Ten  Minutes  by 
A  0-5  PER  CENT.  Dye  Solution  in  2,  4,  and  24  Houbs. 


0-5  |Mr  cent  dye  aoluUwu 

a  koius. 

4  hours. 

04  Aoun. 

mm. 

mm. 

mm. 

Indulin  ..... 

0-08 

o-o6 

o-oa 

Light-preea     .... 

0-125 

008 

0.03 

Acid  fuchsin  .... 

0-17 

otas 

005 

Basic  fuchain. 

0.17 

0135 

0  05 

Safranin         .... 

0.17 

01  as 

0-05 

Methyl-green 

0.17 

0.104 

0055 

Eosin       ..... 

0  S06 

0  125 

0-05 

Methylene-lluc      .        •        1 

0-308 

0125 

0045 

Picrio  acid      .... 

038 

o<a5 

O-I 

Fischer  has  further  determined  the  rate  of  diffusion  on  filtor-paper, 
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ft  method  which  originated  with  Schoiibein\  and  which  was  also 
employed  by  K.  llertwig*  in  1892. 

If  !*i>lutii)n8  of  acid  dyes  are  dropped  on  filter-paper  the  rate  at 
which  the  dye  and  the  water  iliiTus©  is  the  Haine,  but  when  a  drop 
of  a  basic  dye  is  taken  then  the  dye  will  be  noticed  to  spread  only 
slightly,  while  the  wat*>r,  diffusing  readily,  forms  a  broad  uncoloured 
rim  round  the  coloured  area.  The  reason  assigned  by  Fischer  to 
this  phenomenon,  is  that  cninllarity  produces  a  separation  of  the 
comparatively  insoluble  biisic  dye  from  ita  solvent,  wivile  it  has  no 
such  effect  on  the  more  solid  acid  stains. 

Table  snowiNo  the  Amount  of  Capillary  Diffusion  in  Filter- 

PAl'EK  (after   FiSCHEB). 


Dyt*  in  O'l  p«r  cent.  afrengOut. 

Obmv^. 

light-gnm  —  i. 

arm. 

vAownd 
arta. 

Mai 
arta. 

eolourad 
area. 

I.  Acid  Aichsin 

a.  Light-green  .        .        ,       , 

3.  Methybgreea 

4.  Fuchsin          .... 

5.  Methylene-blue    . 

30 
36 
36 
33 

38 

30 
ao 
16 
»5 

1 

I 

055 
0-43 

0-45 

Mixture  of  dya. 

ttM, 
axta. 

co/ourwi 

red 

btM4  or 
grem 
dvt. 

Mixtttre  (/ 
bothdjfet. 

6.  Liffht-grean-facid  fuchsin   . 

7.  Light-gn^>en  4  hoAw  fuohain  , 

8.  Acid  fuchBin  + methyUgreen 

9.  Acid  fucliBin  4  mdthylene-blao 

33 
96 

33 
a6 

t 
o-sa 

I 
t 

I 
t 

05 
05 

33 
M 

36 

33 
13 

In  this  table  the  acid  and  basic  dyes  in  the  mixtures  Nos.  6,  7,  8, 
9,  are  seen  to  differ  greatly  in  their  power  of  diffusion.  In  No.  6, 
composed  of  the  two  acid  dyea  light-green  +  acid  fuchsin.  each  com- 
ponent spreatls  over  the  whole  area,  while  the  basic  dyes  in  Nos.  7, 
8,  and  9,  namely  basic  fuchsin,  metljyl-grwu,  and  niethylene-blue, 
cover  a  much  smaller  area  tlian  do  their  acid  companions. 

(d\  The  staining  jwwer  of  dyes. 

The  staining  intensity  of  a  dye,  or  its  power  of  producing  a  certain 
depth  or  saturation  of  colour,  varies  greatly.  Professional  dyers  state 
that  aci«l  fuchsin,  for  example,  produces  tints  only  half  the  intensity  of 
those  obtainable  with  basic  fuchsin'.  To  overcome  this  dravi'back 
free  sulphuric  acid  is  added  to  solutions  of  acid  dyes,  and  should  the 
result  even  then  be  wanting  in  uniformity — in  other  words,  if  the 
cloth  is  spotty — then  sodium  sulphate  is  used  in  addition  to  the  acid. 

Thus  the  aulpho-acids  <acid  fuchsin  and  light-green)  are  used  in 

'  In  Mifrz-iuHki'ti  Theerjarhatufff ,  Leipzig  (i878>. 

*  R.   Hertwig :   '  tjlwr  Bofnicbtung  a.  Coi^agation,*   Verh,  d.  DaOtch^  Zool, 
MZK*.2(ia9a). 

*  Kncieht,  Rawson,  and  LOwenthal  :  HandbvcM  d.  Firhtnl  d.  Spin^faatm,  Berlin 
(1895). 


baths  containing  2  to  4  per  cent,  of  pure  sulphuric  acid  and  20  per 
cent,  of  sodium  stjlphate  :  picric  acid  also  requires  2  to  4  per  cent,  of 
sulphuric  acid,  while  indulin  requires  much  leas  acid,  and  stains  beat 
if  the  acid  is  added  very  gradually  during  the  course  of  the  dyeing 
operation.  When  staining  with  eoain,  it  is  customary  to  add  5  to  10 
per  cent,  of  alum, 

Fischer  has  adopted  these  procedures  to  stain  various  granules,  as, 
for  example,  nucleic  acid  precipitated  with  'platinum  chloride/ which 
otherwise  would  not  stain  with  acid  dyes.  The  conclusions  he  has 
based  on  these  results  are  fully  discussed  in  the  chapter  on  the 
theory  of  staining  (pp.  334-340). 

The  factors  of  time  and  temperature  are  incidentally  referred  to 
in  the  following  pages  while  discussing  the  efifects  of  staining. 

B.  "VVlien  dealing  with  the  physical  aspect  of  staining  ia  the  follow- 
ing pages  I  have  taken  it  for  granted  that  the  granules  obtained  by 
the  methods  described  on  p.  201  are  chemically  inactive ;  that  they 
have  the  same  chemical  natui'e,  and  in  consequence  of  this  the  same 
physical  structure.  As  to  the  chemical  nature  of  all  the  granules 
being  the  same  there  can  be  but  little  doubt,  but  the  two  other 
factors  are  by  no  means  certain.  Reasons  for  believing  that  the 
albumose-platino-chloride  granules  act  chemically  are  discussed  later, 
but  now  it  will  suffice  to  point  out  that  the  physical  structure  of 
quickly  formed  precipitates  is  in  all  probability  looser  than  that  of 
slowly  formed  ones  ;  that  large  granules,  therefore,  are  looser  than 
small  ones.  The  reader  is,  however,  to  forget  everything  except  that 
there  are  given  three  factors,  namely  : 

(a)  A  number  of  spherical  granules  varying  in.  size,  with  their 
surfaces  l>eing  to  their  cubic  capacity  in  the  same  proportion  as  the 
square  is  to  the  cube  of  their  diameter,  thus — 

Diameter  ...133456789  10 
Surface  of  grn  mi  lea  .  i  4  9  16  25  36  49  64  81  100 
Cubfe  capacity  of  granules      i     B     37    64     125     at6    343     51a     729     1000 

{^)  A  number  of  dyes  in  more  or  less  saturated  solutions,  and 
(7)  Each  dye  having  its  own  specific  power  of  difl'usion. 

Efiect  of  interrupting  the  Process,  of  staining  with  on©  Dye. 

On  placing  a  cover-glass  with  albumose-platlno-chloride  granules 
(p.  201},  varying  in  diameter  from  i  to  10 /x,  into  a  solution  of  such 
basic  dyes  as  methyl-green  or  methylene-blue\  the  small  granules 
having  a  cubic  capacity  of  1  will  .be  stained  optimally  long  before  the 
large  granules  with  a  cubic  capacity  of  i.ooo  will  have  been  penetrnted 
by  the  dye.  In  consequence  of  this,  interrupting  the  staining  process 
at  an  early  period  by  taking  the  cover-glass  out  of  the  mothylene- 
blue  solution  and  rinsing  it  in  water  to  remove  the  supeiiiluous 
dye,  drying  it  and  mounting  directly  in  balsam,  will  result  in  leaving 
the  small  granules  stained  deeply,  while  the  large  ones  are  pule. 

If  the  stain  is  allowed  to  act  till  the  large  granules  are  impreg- 

'  Albumo&e-platiaochloride  granules  hare  little  affinity  for  aoid  dyes  (Fischer). 
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nat^d  throughout  their  tliicknf^ss  with  the  dye.  then,  after  rinsing 
in  water,  drying  am]  mounting  in  balsum,  the  large  granules  will 
Appear  almost  black,  the  »lei)th  of  the  staining  being  proportional  to 
the  diameter  of  the  gnmule,  while  even  the  smallest  granules  will  be 
of  a  derpblue  colour. 

Effect  of  Removal  of  Dye. 
On  endeavouring  to  remnve  the  stain  from  the  granules  either 
by  pui-ely  physiciil  or  by  chemical  means,  the  methylene-blue  is 
extracted  from  the  small  granules  much  more  readily  than  from  the 
large  ones.  In  consequence,  the  small  granules,  being  uncolouied, 
might  escape  our  notice  if  during  a  microscopical  investigation  we 
were  in  the  habit  of  studying  only  coloured  structures. 

Physical  Double  Staining. 

Suppose,  aftor  being  stained  as  de<^"ply  as  possildw  in  methylene- 
blue,  we  firstly  remo%'0  the  colour  from  tlie  small  grannies,  or 
'differentiate'  and  then  stain  the  preparation  in  a  red  basic  dye  such 
as  fuchsin,  we  should  obtain  the  small  granules  stained  red,  while  the 
big  ones  would  be  practically  pure  blue,  provided  the  staining  with 
^chsin  was  interrupted  at  a  time  when  the  minute  granules  were 
already  fully  impregnated  while  the  big  granules  had  not  yet  been 
invaded  to  any  extent  by  the  fuchsin. 

The  fact  of  not  having  taken  into  consideration  tlio  physical  aspect 
of  staining  has  led  many  observers  to  describe  the  existence  of 
chemically  different  substances,  while  in  reality  they  were  dealing 
with  the  same  chemical  compound  occurring  in  diift^rently  siyjed 
aggregates.  Fischer,  following  the  example  set  by  Raciborski,  Heine, 
and  Oaleotti  fp.  200),  has  in  this  respect  done  good  in  drawing 
Attention  to  the  importiuice  of  the  physics  of  histology. 

Formation  of  Bull's-eyes, 

There  is  still  another  point  which  Fischer  has  made  very  clear, 

namely,  the  production  of  'bull's-eyes,'  or  as  he  terms  them,  Spiegel- 

bilder'.    Given  a  cover-glass  preparation  of  albumose-chromale  (p.  201) 

fully  stained  in  acid  fuchsin,  it  is  possible,  by  differentiating  with 

picric  acid,  according  to  Altmaiui's  mtthod,  to  obtain  at  a  certain 

time  this  picture:  All  small  granules  are  yellow,  liecftuse  the  picric 

acid  has  turned  out  the  fuchsin  and  has  usurped   its  place ;    the 

middle-sized  gran  idea  are  essentially  yellow,  but  with  a  minute  red 

spot  in  the  middle,  owing  to  the  fact  of  the  picric  acid  not  having 

reached  as  yet  to  tlie  centre  and  the  fuchsin  not  having  as  yet  diffused 

out  while  the  very  large  granules  have  a  broad  rod  centre  surrounded 

by  a  narrow  yellow  rim,  rt«embHng  the  buITs-eye  in  a  circuhir  target. 

By  using  picric  acid  first  and  acid  fuchsin  secondarily,  the  colour 

rttffecta  just  stated  cannot  be  reversed,  but  it  is  possible  to  get  the 

'Tevarse  effect  by  the  use  of  a  mixed  solution  of  jjicric  acid  and  acid 

fuchsin,  as  will  bo  described  later  on  (pp.*  208  and  209), 

On  the  same  principle  on  which  the  two  acid  dyes,  picric  acid  and 

[ftoid  fuchsin,  int*>ract,  it  is  possible  to  use  two  basic  dyes.    "We  may,  for 

exaxnjile,  stain  albumose-chromate  granules  by  means  of  Flemming'a 

'  Tit«  QormAQ  word  <  Spiegel '  meaaa  mirror,  but  Also  a  target  with  iU  buliVeje. 
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inin  acid-alcohol  gentian-violet  method  in  such  a  manner  as  to 
obtain  the  big  pranulf^a  red  and  the  little  ones  violet.  In  this  case  by 
using  gentiau-violet  first  and  safranin  subsequently,  the  colour-eft'ect  is 
reversed,  the  bij?  granules  being  now  violet,  while  the  little  ones  are  red. 

Whenever  differentiation  conies  into  play  we  must  beware  of  the 
pilfalls  oppned  up  by  physical  causes;  for  not  only  do  we  get  into 
difficulties  with  anilin  dyes,  but  also  with  various  haematein  and 
carmin  staininjj  methods.  These,  when  followed  by  cliemical  differ- 
entiation, are  liable  to  make  objects  appear  smaller  than  tbey  are  in 
reality.  It  is  the  realization  of  this  fact  which  makes  me  insist  on 
the  examination  of  unstained  specimens  and  the  examination  of  prei>a- 
rations  in  mounting  media  differing  ia  their  refractive  indices  (p.  337). 

By  the  'covering-power'  of  a  dye  we  moan  its  ability  to  bide  from 
our  eyes  the  presence  of  another  colour  ;  thus  picric  acid  cannot  cover 
light-green  or  fuchsin,  but  light-green  to  a  considerable  extent  hides 
the  red  colour  of  fuchsin.  The  importance  of  the  covering-power  of 
diflerent  dyes  will  become  more  apparent  immediately. 

Effect  produced  by  staining  with  a  mixture  of  Dyes. 

By  interrupting  the  process  of  diffusion  into  the  tissue  and  thus 
producing  simultaneous  double  staining,  with 

1.  Homogeneous  mixtures  of  (a)  acid  and  (/?)  basic  dyes. 

2.  Heterogeneous  mixtures  of  acid  and  basic  dyes. 

I  (u).  A  picric  acid  +  acid  fuchsin  mixture  allowed  to  stfun  olbumose- 
chromate  granules  for  six  minutes,  produces  according  to  the  relative 
and  absolute  concentrations  of  the  two  colour  acids  the  revSults  given 
in  the  accompanying  table,  which  has  been  abridged  from  Fischf-r's 
book,  p.  135.  In  all  the  experimpnts  the  cover-glasses  at  the  end  of 
the  staining  process  were  rinsed  in  water  to  remove  tho  superlluous 
dye,  then  dried  and  mounted  in  balsam. 

Table  showing  Fischer's  method  of  producing  physical 
double  staining. 


xVo. 
I 

Eelatin 
eoncetUration. 

Abaoluti 
CGfKxrUration. 

Album<a»<hmmaie  graHulot. 

Picrk 
acid. 

Acid 
fiichiin. 

Picric 
acid. 

Acid 
/ucfisiti. 

Large  granxdea. 

Small  granules. 

8 

0055 

0.44 

deep  orange 

red 

3 

a-5 

0.14 

0.36 

Ijull's-oye  gnlden  yel- 
low, margia  red 

red 

6 

t 

025 

0.25 

yellow    with     margin 
Khowtng  traeott  of  red 

red,  frequently  with 

yellow  bull's-eye 

9 

Q-5 

0-33 

0.17 

coniplotoly  yellow 

faintly  rt*d,  yellow 
bull's-eye 

t«' 

0.5 

O-I 

0-05 

yellow  bull's-eye,  mar- 
gin re<i 

yellow  bull's-eye, 
margin  red 

13 

025 

0.13 

003 

complett>ly   yellow   or 
with  Ted  margin 

red 

15 

017 

015 

ooas 

completely  yellow 

only  the  minutMt 
gratinlos  still  red, 
all  others  yelJow 
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The  relative  rate  of  difiusion  of  picric  acid  and  acid  fuchsin  l>eing  as 
1-6  to  I,  the  granules  will  be  occupied  by  the  picric  acid  long  before 
the  red  dye  has  had  time  to  diffuse  inwards,  even  if  there  be  present 
eight  times  more  fiich&in  than  picric  acid.  It  is  for  this  reason  that 
the  granules  uro  stained  a  deep  orange  tint  in  No.  i.  In  No.  3  the  red 
margin,  or,  to  Iw  more  accurate,  the  rod  mantle  covering  the  central 
yellow  core,  indicates  that  the  picric  acid,  although  only  in  the 
proportion  of  i  to  2-5  of  the  fuchsin,  has  diffused  right  through  the 
whole  thickness  of  the  granule  at  a  time  when  the  acid  fuchsin  just 
coninieuced  its  invasion.  In  No.  9,  containing  only  one-half  the 
amount  of  acid  fuchsin,  the  large  granules  after  six  minutes  are  still 
completely  yellow,  while  the  small  ones  show  already  an  indication 
of  the  slower  acid  fuchsin  making  it«  way  into  the  albumose-ehrO' 
mate.  The  appearance  presented  by  No.  13  is  the  exact  reverse  of 
that  produced  by  staining  according  to  Altmaun's  method,  who  uses, 
first,  acid  fuchsin  and  subsequently  picric  acid. 

Results  analogous  to  those  just  described  were  obtained  by  Fischer 
with  mi.\tures  of  picric  acid  +  light-green,  acid  fuchsin -f- light-green, 
acid  fuehsin  + indulin,  and  eo8in  + light-green. 

To  obtain  physical  double  staining  with  these  mixtures  is  only 
a  question  of  properly  apportioning  the  relative  and  absolute  concen- 
trations of  the  two  colour  acids,  and  of  interrupting  the  staining 
process  at  the  proper  time. 


No.' 

t 

3 
6 

5 

RelaHrt 
coneentrahon. 

Ahaolute 
concentration. 

Allumo$«-ehnmttt»  gramtka. 

Picric 
acid. 

Light- 

Picric 
acid. 

Light- 
grttn. 

Large  granule$. 

SmaU  fframviea. 

X 

I 
I 

16 

la 

8 

0-03 
0-038 

0-055 
0-13 

0-47 
0-46 

0'445 
003 

all  grcon                    ' 

yellow    bull's- pye, 

green  margin 
pure  yellow 

pure  yollow 

all  gre«n 
green 

greon,  frwjuently 
with     yellow 
bull's-eye 

bright  green 

Add 

Lighl- 
ffrttn. 

Add 
J^cktin. 

Lighi- 
grten,   ' 

deep  red 

l»luitih-gn>en 

I 

4 

O-I 

04 

t 

4 

Acid 
fuduiti. 

Jndu- 
Itn. 

Acid 
fuehain. 

Indy^- 
Un, 

deep  red,  often  with 

blue  mai^n 
rod 

deep  «teeI-bloe 
indulin  colour 

t 
I 

IS 

X 

OH>I7 

0-05 

0-35 
0-05 

I 

a 
5 

JBOMN. 

Light, 
ffrttn. 

Eotrin. 

Light- 

rod  with  groenish- 

blue  fthade 
deep  red,  often  with 

green  margin 
red 

bloUh-green 

green    or  bluiah- 

green 
red 

X 

t 
I 

»9 
I 

0-035 
0KJ05 
0.05 

0475 

cyogs 

*  The  numbers  on  iho  left  tide  refer  to  Fiacher's  original  tables. 
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Homogeneous  mixtureB  of  basic  dyes. 


The  first  to  draw  attention  to  the  danger  of  mistaking  physical 
staining  effects  for  chemical  ones  in  using  those  mixtures  was  Heine 
(p.  347).  Albumoae-platino-chloride  granules  (p,  201),  stained  with 
ordinary  coinmereinil  metliyl-green,  exhibit  the  large  granules  stained 
green^  while  the  small  and  very  small  granules  have  a  distinct  violet 
shade,  owing  to  the  presence  of  traces  of  methyl-violet  in  the  methyl- 
green.  As  stated  on  p.  424,  methyl-green  may  be  obtained  pure  by 
shaking  out  the  methyl-violet  with  amyl  alcohol. 

To  ohtiuu  alljumose-platino-cbloride  granules  doubly  stained  with 
a  methyl-green  +  basic  fuehsin  mixture  Fischer  had  to  mix  10  cc. 
of  a  0-5  jier  cent,  pui'ified  methyl-green  and  3  drops  of  a  freshly 
prepared  01  per  cent,  fuehsin  (=014  cc.  of  fuehsin  of  01  per 
cent.,  for  21  drops— icc).  It  requires  therefore  357  parts  of 
methyl-greeu  to  1  part  of  fuclisin  to  stain  the  large  granules  green 
and  the  small  ones  red.  If  instead  of  three  drops  six  drops,  or 
double  the  stated  quantity  of  the  o-i  per  cent,  fuehsin,  are  ttiken, 
then  no  double  staining  results,  as  the  fuehsin,  possessing  much 
greater  staining  power,  makes  all  granules  appear  red. 

Watching  the  process  of  staining  under  the  microscope  reveals 
that  both  big  and  small  granules  are  at  first  stained  green,  and  that 
only  secondarily  the  small  granulos  turn  red  within  8  minutes.  As 
the  rate  of  diffusion  of  equivalent  amounts  of  the  two  basic  dyos  in 
question  is  the  same,  the  physitral  double  stniuiug  is  produced  by 
the  great  difFerences  Lu  their  concentrations,  the  more  concentrated 
methyl-green  with  its  higher  osmotic  pressure  diffusing,  proportion- 
ately to  its  concentration,  more  quickly. 

A  methylene-blue  4- fuclisin  mixture  stains  analogously  to  the 
methyl-green -t-  fuchsia  mixturo. 

That  colour  base,  which  is  in  the  greatest  amount  in  the  solution, 
on  entering  the  granules  in  proportion  to  its  concentration  will  at 
once  take  possession  of  the  intermoleculnr  spaces.  The  larger  the 
granules  are,  the  more  difficult  will  it  be  fur  the  other  colour  base, 
present  only  in  small  amount,  to  exert  ita  physical  rights  within 
a  given  time  ;  for  it  is  not  only  a  question  of  the  numerically  weaker 
dye,  with  its  low  tension,  diffusing  into  the  granule,  but  also  of 
the  numerically  stronger  dye  already  in  possession  of  tlie  graimles 
diiFusing  outwards  against  its  own  high  tension,  to  make  room  for 
the  moleculns  of  the  other  dye  present 

The  smaller  the  granule  the  greater  is  its  surface  relative  to  its 
bulk,  and  for  this  reason  the  more  readily  will  it  bo  entered  by  the 
colour  base  present  in  the  lessor  concentration,  as  is  shown  by  the 
observation  that  although  all  the  granules  stained  by  the  aliove 
mixture  are  blue  to  begin  with,  the  small  granules  very  soon  assume 
the  rfd  colour.  Why  the  red  granules  are  redder  than  the  mixture 
itself  Fischer  does  not  say,  but  it  appears  from  his  views  expressed 
in  other  parts  of  his  book  that  he  explains  the  fact  as  due  to  'specific 
inechanical  attractions.' 

As  the  result  of  the  experiments  just  stated,  Fischer  has  arrived 
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fti  the  conclusion  thftt  every  double  etaining  in  histolo^  can  l)e 
Imply  nccouutetl  for  by  differences  in  the  rate  of  diffusion  of  the 
dyo8  and  their  relative  and  absolute  coDcentrnttons :  but  he  has 
completely  ovprlooked  the  very  important  factor  of  time.  Although 
it  is  possible  to  produce  the  different  colours  in  ^rfinules,  as  indicated 
in  the  above  tables,  by  staining  fur  6  to  8  minutes,  ii  is  impoctsible  to 
>t  the  same  results  by  staining  cover-glasses  for  30  minutes,  fai-  less 
llowing  them  to  romnin  in  contnct  with  the  dyes  fur  24  hours. 
For  example,  albumose-chmtiiate  granules  left  for  24  hours  in  any  of 
the  mixtures  of  picric  acid  and  aeid  fuchsia  given  in  the  table  on 
p.  208,  are  all  stiiined  red.  because  within  this  time  the  acid  fuchsin^ 
aotwitlislantling  its  slower  rate  of  diffusion,  gradually  niaJies  its  way 
irough  all  the  granules  and  'covers'  the  yellow  picric  acid  stains,  if 
it  does  not  also  force  the  picric  acid  out,  at  least  partly. 

Being  convinced  that  the  results  obtained  under  veiy  special 
circumstances  are  generally  appliwble,  Fischer  hvm  left  the  study  of 
tho  different  granules  of  leucocytes  to  medical  men  (h  c,  96I, 

If  instead  of  doing  this  he  had  used  the  acidophil  mixture  of 

Ehrlich  (p.  217),  and  had  stained  red-marrow  films  of  rabbits  and  his 

^Albumose  granules  for  24  hours,  he  would  have  found  the  latter  all 

stained  uniformly  while  the  different  leucocytes  would  have  beeo 

stained  differentially. 

Another  point  which  has  not  been  taken  into  account  by  Fischer 

in  making  his  generalizations  is  the  enormous  difference   in   the 

al>solute  and   relative   size   of  the  albumose  (i    to    10 /z)  and   the 

leucocyte  (0-25  to  2/n)  granules.     He  has   endeavoured  to  explain 

also  on  purely  physical  grounds  the  staining  of  tubercle  bacilli  by 

the  Ziehl-Neelsen  method,  but  has  overlooked  the  relative  size  of  the 

.objects  to  be  stained.     Thus  albumose  granules  stained  red  by  tliis 

^method  have  at  least  five  times  the  diameter  of  the  small  granules 

which    were    counter-stained,    secondarily,    in    methylene-blue.     If, 

kowever^  a  mixture  of  tubercle  bacilli  and  the  ordinary  concomitant 

[bacteria  are  stained  in  exactly  the  same  way,  the  very  opposite  result 

[J8  obtained,  for  the  more  slender  tubercle  bacilli  are  red,  while  the 

lore  bulky  remaining  organisms  are  blue.     It  is,   however,  still 

sible  to  explain  the  tul>ercle  staining  on  purely  physical  grounds 

assuming  the  tu1>ercle  bacilli  to  have  a  very  dense  structure, 

similar  to  that  of  albumose  granules  reimpregnated  with  albumose 

and  fixed  for  a  second  time  (sec  p.  200).     The  effect  of  dissolving 

^yes  in  such  media  as  will  physically  alter  the  texture  of  the  tissue 

already  been  referred  to  on  p.  198  (see  also  p.  212).     Later  the 

[question  of  the  co-eflUcient  of  solutions  will  be  discussed  i pp.  329,  331). 


CHAPTER  XVI  n. 

Chemical  Methods  o?  Staikiko. 

A  CHCMiCAL  union  between  dye  and  tissue  cannot  take  place  till 
sthese  two  have  been  brought  together  by  such  physical  means  as  have 
dlBCUflsed  in  chapter  xvii,  and  even  then  in  many  cases,  to  ensure 
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a  chemical  union,  the  addition  of  certain  aubstances  to  the  dye-bath 
or  staining  fluid  l>ecomps  essential.  These  substances  are  not  true 
mordants,  as  they  do  not  participate  in  the  union  betw»?eu  the  tissue 
and  the  stain,  but  by  acting  in  some  not  always  explainable  manner 
on  the  material  or  the  stain,  they  thereby  produce  or  accentuate 
a  chemical  tendency. 

Such  substanceH,  nhich,  for  want  of  a  better  term^  we  may  call 
aceentuators,  are  either  bases  or  acids. 

The  chief  basic  accentuators  are  : 

1.  Caustic  potasli.  It  was  first  used  by  Koch  in  the  staining  of 
tubercle  bacilli  with  methj'Iene-blue.  KocJrs  tnethifUtte-hluc  solution 
consists  of  a  saturated  alcoholic  solution  of  methylene-blue  i  cc,  lo 
per  cenL  caustic  potash  02  cc,  and  water  200  cc.  L(i_fffcr,  instead 
of  using  a  i  per  cent,  caustic  potash  solution,  used  I :  io>ooo  solution, 
but  for  general  bacteriological  as  well  as  histological  purposes  a  1 :  1. 000 
solution  answers  Iwst,  especially  if  the  staining  fluid  contain  25  to 
50  cc.  of  alcohoL  (Loffler'a  solution,  according  to  Behrens'  tables, 
contains:  methylene-blue  0-5  grm.,  alcohol  30  cc,  caustic  potash 
(i  :  1,000)  100  cc.) 

2.  Borax  or  sodium  pyroborate,  Na.B^O^  is  generally  used  in 
strengths  of  i  per  cent.,  as  in  Unna'shorax  mefJnjlene-bluc:  methylene- 
blue  I  grm.,  borax  I  grm.,  water  loocc, — or  in  Harris's  toluidin-blue, 

3.  Anihn  (amido-ljouiieue  or  pbenylamin),  C,H, — NH^,  acts  as  a 
base  because  of  the  amido  group  NHj,.  Ehrlich^s  bactcnal  siain 
consists  of  gentian-violet  i,  alcohol  15,  anilin  3.  and  water  80  parts. 
Anilin  is  also  used  when  staining  according  to  Gram's  m^hod 
(p.  223),  the  anilin  water  being  obtained  by  dissolving  3  grms.  of 
anilin  in  100  cc.  of  water,  by  shaking,  or  by  taking  a  larger  quantity 
of  anilin,  shaking  and  then  filtering. 

4.  Pyridin  is  a  tertiary  amin  and  a  strong  basic  substance  of  the 
formula  C^N  +  Hj,  the  5  carbon  and  i  nitrogen  atoms  forming  a  ring 
analogous  to  the  benzene  ring  ;  the  5  hydrogen  atoms  are  attached 
to  the  carbon  atoms,  wliile  the  N  has  an  unsatisfied  affinity.  As 
watery  solutions  are  strongly  basic,  turning  litmus  paper  blue,  the 
N  unites  probably  with  a  hydrogen  ion  derived  from  the  hydrolysis 
of  the  water,  there  being  formed  the  an-ion  CsN  +  Hj"  and  the  kat-ion 
OH'. 

5.  Quinolin,  C^H^N,  has  a  constitution  analogous  to  that  of  naph* 
thalone  (p.  181)^  consisting  of  a  benzene  ring  linked  on  to  a  pyridin 
ring. 

6.  Methylal,  CHj(OCH,lj,  introduced  by  Ehrlich  and  Lazarus  (Die 
Anaemia,  see  also  the  English  edition,  translated  by  W.  Myers, 
Cambridge,  1900)^  is  a  pleasant-smelling  liquid,  boiling  at  42''  C. 
readily  soluble  in  water  and  easily  decomposed  by  oxidizing  agents 
into  its  constituents  formaldehyde  OCIlj  and  methyl  alcohol  2CHsOIL 
How  it  acts  is  not  known,  but  in  all  probability  the  formaldehyde 
radical  is  the  active  principle. 

The  Ehrlkh-Lazants  formula  is  as  follows  : 

Use  a  freshly  prepared  mixture  of  the  reagents  stated  Ijelow, 
because  fresh  solutions  stain  far  more  intensely  and  more  variously 
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than  do  oWer  ones.     The  hlood-filma  should  have  been  fixed  very 
carefully  by  heat  (see  footnote,  p.  199) : 

I  per  cent,  watery  eoain       .         ,         .         .         .     lo  cc. 

Methylal 8  cc. 

Saturated  watery  solution  of  raethylene-bhie         .     10  cc. 
Vnna's    combination   of    ciiustic   potash    and    anilin    for   staining 
plasma-cella  fixed  in  alcohol :  Meihylene-hhte  i  grm.,  caustic  potash 
005  gt'ui.,  and   wat«r    100  ec.   diluted   with    lo-ioo  cc.  of  anilin 
water. 

7.  Soap  has  heen  used  in  combination  with  raethylene-blue  by 
Nissl  for  staining  the  basophil  granules  of  nerve-cella.  Sections  of 
material  fixed  in  alcohol  are  placed  in  a  watch-glass,  covered  with 
a  stain  composed  of  15  parts  methykne-bliie  and  7  parts  Venetian 
soap  in  4,000  parts  of  water  ;  the  stain  is  next  heated  up  to  from  65 
to  70"  C,  and  afterwards  tli©  sections  are  dinereiiliated  in  a  mixture 
of  pure  anilin  (i  part)  and  96  per  cent,  alcohol  (9  parts), 

8.  Formaldehyde  {p.  88)  has  also  i-epeatedly  Won  used  to  increase 
the  staining  power  of  nnilin  dyes,  but  as  in  no  case  precautions  were 
taken  to  use  neutral  forniaUlehyde  it  is  difficult  to  know  how  in 
these  cases  the  reagent  acted  ;  because  pure  neutml  aldehyde  hy  itself 
has  a  distinct  action  on  the  tissues^  and  so  has  the  free  formic  acid 
always  jire^ent  in  conimerciul  formol. 

The  chief  acid  accentuators  are  ' : 

1.  Acetic  acid  (p.  73),  first  employed  by  Ehrlich  for  staining 
mast-cells  specifically.  Ehrlich's  solution  consists  of  glacial  acetic 
acid  12-5  cc,  alsolute  alcohol  50  ec,  water  100  cc,  and  dahlia  up 
to  nearly  saturation.  The  use  of  acetic  acid  in  combination  with 
methyl-green  ia  doscril>ed  on  p.  215.  Friedltimler  uses  acetic  acid  for 
staining  the  capsules  in  bacteria  ;  for  example  the  pneumococcus,  by 
either  combining  the  acetic  acid  with  the  stain  (fuchsin  I  part,  glacial 
acetic  acid  2  parts,  alcohol  5  parts,  water  100  parts),  or  first  staining 
witli  a  2  per  cent,  wuterj'  solution  of  gentian-violet  and  subse- 
quently differentiating  with  i  to  2  |ier  cent,  acetic  acid- 

2.  Carbolic  acid  or  phenol  (pp.  181,  417)  is  used  especially  for 
staining  tubercle  bacilli  by  the  Zichl-XuhcTi  method. 

3.  A  combined  acetic  acid  and  pbenol  staining  is  obtained  by  the  fol- 
lowing bactcriolot/ical  method,  which  I  have  seen  employed  at  Oxford  : 
Thionin  i  grm.,  phenol  (i  :  40J  100  cc,  is  to  be  diluted  for  use 
with  3  parts  of  water  and  to  bo  tiltei-ed.  Stain  five  minutes  or  upwards. 
Wash  very  thoroughly  in  water  to  prevent  a  deposit  of  crystals  and 
then  decolourize  in  glacial  acetic  acid  i  cc.  and  water  250  cc 

4.  Oxalic  acid  (p.  86)  is  used  in  Weiyert's  /ihrin  method :  Make 
a  hot  saturated  solutitm  of  methyl-violet  in  75  per  cent  alcohol, 
allow  the  solution  to  coo]  and  j>our  off  the  alcohol  from  the  undis- 
solved methyl-violet.  To  100  cc.  of  this  alcoholic  solution  add  5  cc. 
of  a  5  per  cent,  watery  solution  of  oxalic  acid. 

The  oonversion  of  pseudo-acids  and  pseudo-bases  into  real  acids 
and  bases  by  chemical  action  is  discussed  in  the  chapter  on  the 
theory  of  staining  (p.  337), 

'  Sulphuric  acid  ia  diacuBsed  on  pp.  903,  305,  339,  364. 
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I,  Staining  methods  requiring  no  differentiation. 

A.  Direct  staining  with  single  dyes. 
With  colour  acids. 

1.  The  MifUus-Ehrlkh  reaction  for  detcmun'wg  alkalinity,  F.  Mylius. 
in  1889',  describetl  a  method  for  determining  the  alkalinity  of  a 
given  glass  by  means  of  'Jodeosin.*  This  substance  (see  p.  429) 
iodine-eosiu,  according  to  its  name,  is  the  free  colour  acid  radical 
tetraiodo-fluorescein,  its  sodium  salt  being  called  erythrosin.  To 
obtain  the  free  acid  add  a  few  drops  of  either  strong  acetic  or 
hydrochloric  acid  to  a  test-tube  full  of  one  per  cent,  or  stronger 
erythrosin  solution,  when  the  orange-colourod  free  acid,  being  inso- 
luble in  water,  is  precipitated.  Filter  off  the  precipitate,  wash 
it  repeatedly  in  distilled  water  to  remove  all  traces  of  the  acid 
which  was  added,  dry  the  precipitate  and  make  an  ethereal  or 
chloroform  sokitiou'. 

Wherever  the  free  acid  comes  in  contact  with  a  base  the  deep- 
red  salt  er}-th rosin  Ls  formed,  which,  being  insoluble  in  ether  or 
chloroform,  remains  in  situ. 

To  obtain  the  reaction  proceed  thus :  Carefully  clean  slides,  cover- 
glasses  and  all  other  glass  vessels  to  remove  the  alkali  with  which 
all  are  coated.  The  tissue,  film,  membiiine  or  section,  fixed  either 
by  drying  or  in  absolute  alcohul  and  quite  free  from  water,  Ls  ira- 
meised  in  the  ethereal  solution  of  iodine-eosin  and  Ifft  for  five 
minutes.  The  preparation  is  now  transferred  to  some  fresh  ether 
and  washed  to  remove  all  free  colour  acid,  leaving  because  of 
its  insolubility  the  coloured  salt  in  the  tissues.  Finally,  transfer 
the  tissue  to  a  slide,  or,  if  already  on  a  slide,  cover  it  at  once  with 
neutral  balsam  (see  p.  378),  and  not  with  ordinary  acid  balsam, 
as  othfTwise  the  stain  disappears. 

Ehrlich,  to  whom  we  owe  so  much,  was  the  first  to  apply  the 
Mylius  reaction  to  liistolugy,  showing  that  the  cytoplasm  of  leuco- 
cytes and  the  blood  platelets  stained  deeply,  while  the  red  blood- 
corpuscles  and  the  nuclei  of  the  white  corpuscles  remain  colourless*. 
Throe  years  ago  I  demonstrated  the  basic  nature  of  pui-e  albumin 
crystals  prepared  by  the  Ilofraeister-IIopkins  reaction  (see  p.  124). 
and  also  examined  different  tissues  of  a  mt  which  had  been  fixed 
by  the  injection  of  absolute  alcohol.  Since  then  A.  C.  Hoff,  fol- 
lowing the  advice  of  Ehrlich,  has  investigated  the  distribution  of 
alkalies  in  plant  tissues  \ 

2.  rappenheim  states  that  benzylaled  Nile  blue  BB  is  even  a  more 
delicate  test  for  the  presence  of  alkalies  than  iodine-eosin. 

3.  Wcigert's  B'tsmnrck-broum  method '.    Personally  I  like  Bismarck- 

•  Myliua  :  Ber.  d.  deutsch.  ehem.  Qesellsch.  22,  310  (iBftg^. 

•  On  adding  equimolcculttr  quantities  «»f  any  aoid  tbo  wjuihing-out  proww  in 
obTiatod,  but  the  above  prweduro  is  rendily  pi-rformed.  lodine-coslD  may 
farther  be  bought  from  Qriiblar  and  Gn.,  or  Alexandur  Frazer  iu  Edinburgh. 

•  Ehrliuli  find  Laznrus  :  Die  Anaemie,  Wit>n  (i8g8). 

•  A.  C.  Hoff:  'Topit  d.  Alkalivertheit.  in  pflnnzl.  Oeweb.,*  BoL  CentralU. 
88 ( i90o\ 

•  Weig«rt :  A\xh.f.  mikr.  Anat,  16,  058  (1878). 
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brown  greatly,  as  it  does  not  overstain  and  as  it  forms  a  good 
contrast  with  hnemntoxylin.  It  is  especially  useful  for  Btaining 
the  mucus-cells  of  the  intestine  and  the  Ijasuphil  cytoplasm  of  the 
lymphocytes  in  lymph  follicular  tissue.  Its  chief  disadvantage  is 
that  wntery  solution."*  ni*  apt  to  form  a  precipit.ite,  and  therefore 
one-half  to  I  per  cent,  solutions  in  25  per  cent,  methyl  alcohol  should 
be  use<I.  The  chomistrj'  of  Bismarck-brown  is  complicated  and  is 
given  on  p.  390. 

4.  Cai'Hoy's  nipthod  about  to  be  detailcnl,  strictly  Bpoaking,  does  not 
belong  to  this  class  at  all,  but  should  be  given  under  II  (p.  222),  for 
the  methyl-green  is  employed  with  an  excess  of  acid,  which  latter 
prevents  it  from  acting  as  it  would  do  if  it  were  employed  by  itself. 
In  reality  we  are  differentiating,  only  the  jtrocesses  of  staining  and 
differentiation  go  hand  in  hand.  This  method  is  thereforo  not  the 
counterpart  of  the  Mylius-Ehrltch  reaction  (p.  214). 

Camot/'s  methyl ' green  acetic  acid  method  for  nuclei.  Various 
proportions  of  the  dye  and  the  acid  are  given,  but  a  half  per  cent, 
methj'l-green  in  r  per  cent,  acetic  acid  will  V»e  found  useful  for 
fresh  tissues  (see  below).  The  acid  serves  to  kill  the  cell  and  also 
prevents  the  cytoplasm  from  staining.  Maihavs '  objects  to  the 
use  of  the  acid,  but  he  is  not  dealing  with  living  cells.  Ltc's 
plan'  has  the  advantage  of  gi\'ing  more  permanent  preparations. 
It  consists  in  fixing  the  fresh  tissues  for  not  more  than  one-half 
to  two  minutes  in  the  vapour  uf  osmie  acid  ;  in  staining  for  five 
minutes  in  the  methyl-green  acetic  acid  mixture ;  mounting  in  a 
drop  of  Ripart  and  Petit's  mixture',  and  fixing  the  cover-glass  with 
ft  ring  of  balsam.  Another  method  which  is  also  given,  consists 
in  teasing  a  piece  of  tissue  directly  in  Ripart  and  Petit's  mixture 
to  which  some  osmium  has  been  added,  and  then  staining  in  methyl* 
green. 

The  principle  of  using  a  basic  dye  either  by  itself  or  in  con- 
junction wth  acids  is  also  applicable  to  tissues  which  have  been 
previously  fixe«l  by  any  of  the  usual  methods. 

5.  ToluUlin-hlue  acetic  acid  mixture.  Strongly  basic  dyes,  such 
OS  toluidin-blue,  must  l»e  used  in  acid  solutions  if  only  nuclein- 
compounds  are  to  be  stained.  It  is  thus  possible  to  obtain  a  sharp 
and  precise  staining  of  nothing  but  the  nuclei,  or  nucleo-proteids 
such  as  Nissl's  granules  in  ner\'e-cells.  The  amount  of  acid  to  be 
added  id  determined  by  the  fixing  method  which  was  previously  used. 
I  prefer  toluidin-blue  to  all  other  basic  dyes  of  the  thiazin  group 

(P-  403)-. 

B.  Direct  staining  with  several  substances  applied  simulta- 
neously. 

(a)  Colour  acids : 


^  Albort  Mnthcwti  :  'A  <y»ntribution  to  the  chemistry  of  eytologksal  (daining,* 

Amtiimn  Jmtmal  n/ Phytuilnffy,  I  (^July,  1898). 

'  L«e  and  Hayer :  OrMndtig*  d.  miArru«c.  TttMnik,  Berlin,  995  (iBgIS), 

*  Tlio  mixturio  of  Kipni-t  and  Putit,  according  to  Camoy',  Biol.  ctUvlain  (1884), 

p.  94,  vonsistaofcamphorwaternot saturated,  75 part*;  dwtillwl  water,  75  parts  ; 

glacial  acetic  acid,  i  part  ;  copper  acetate,  0-3  part  ;  copj>fr  clilorid«>,  0-3  part. 
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6»  Jianvier's  picro-carmin  stain,  containing  the  two  colour  acids, 
cai'minic  and  picric  acid  (see  p.  246). 

7,  Manns  eoaiu-methyMjlue '  mixture  (1892  ^). 

The  chemistry  of  methyl-blue  and  ©osin  is  discussed  on  pp.  426I 
and  429, 

Tlie  stain  contains  two  colour  acids  in  the  following  proportions : 

1  per  cent,  methyl-blue  in  distilled  water  .  .  35  cc. 
1  per  coiit.  eosiii  ia  distilled  water  ,  .  .  .  45  cc. 
Diatilled  water 100  cc. 

The  proportions  are  chosen  in  such  a  manner  as  to  avoid  pre- 
cipitation of  the  methyl-blue  ^  for  the  latter  has  in  tliia  respect 
as  well  as  in  some  others  certain  resemblances  to  colour  bases  such 
as  methylene -blue,  although  constitutionally  it  ia  an  acid  dyew-j 
Eosin  also  in  some  respects  approaches  basic  dyea,  and  therefore 
my  mixture  would  lead  one  to  expect  marked  peculiarities  in  its 
staining  properties,  and  this  is  fully  borne  out. 

Sections  may  be  stained  in  the  above  mixture  either  by  the 
*  short  *  or  the  '  long '  method. 

The  'short '  method  consists  in  placing  sections  from  water  into 
the  staining  mixture,  and  leaving  them  there  five  to  ten  minutes 
according  to  the  special  effect  desireJ  and  also  according  to  the 
thickness  of  the  section  and  the  method  of  fixation. 

The  methyl-blue  component  is  insoluble  in  alcohol,  and  therefore 
it  is  essential  to  rinse  sections  in  water,  Ijoth  before  jdacing  them 
ia  the  staining  bath  and  also  after  the  staining  has  been  cumpleled. 

Sublimate  sections,  after  the  removal  of  the  mercury  by  meansj 
of  iodine +  i>otassium  iodide  and  rinsing  in  water,  may  be  treated 
with  the  e<:>sin-methyl-Vjlue  mixture  while  still  yellow  with  iodine, — 
or  the  iodine  may  be  removed  with  alcohol,  but  on  no  condition  with 
ammonia  or  alkalies.  All  chrome-lixatives,  as  for  example  Zenker's 
solution  or  my  chi'omic  ac id  +  sublimate  mixture,  can  be  specially 
recommended  in  connexion  with  this  stain.  The  white  fibrous  con- 
nective tissues  and  mucus-cells  are  stained  a  deep-blue  colour  and 
more  precisely  than  by  any  other  method  known  to  me. 

Fresh  tissues  are  beat  stained  by  diluting  the  methyl-blue-eosia 
mixture  with  ten  times  its  bulk  of  distilled  water. 

This  method  has  been  used  during  many  years  by  me  for  class 
purposes,  as  it  is  certain  in  its  action,  and  as  the  jjreparationa  are 
permanent. 

The  'long*  method  of  using  methyl-blue-eosin*  comprises  staining 
sections    for   twelve    to    twenty-four    hours ;    rinsing    in   distilled 

'  Not  mothylene-bluo. 

'  la  our  joint  paper  '  Tlio  Histolo^  of  Vaccmation,'  l>y  S.  Monckton  Cope- 
man  uad  Gu^tav  Munn,  Locul  Government  Board,  Anmtal Rq/ort 0/ the  Mtdieai  Officer 
(1S98-9),  509,  I  have  called  the  mixture  a  ^  bioeid '  mixture,  which  I  herewith 
retruct  becauijo  Ehrlich  has  used  the  term  *  triaoid '  in  an  entirely  different 
manner  (p.  aat). 

'  It  may  hafipnn  th.at  after  some  months  a  blight  blue  precipitate  is  fonn<t.»d 
which  may  be  neglected. 

♦  I  thought  it  be«t  to  describo  thia  method  here,  instead  of  later,  under  th« 
heading  of  indirect  staining. 
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water  for  half  a  minute  ;  tlioroughly  dehydrating  with  absolute 
alcohol  and  diffeifntiating  in  a  vessel  containing  caustic  alcohol 
prepared  as  follows :  to  absolute  alcohol  30  cuim.  are  added  five 
drops  of  a  one  per  cent,  solution  of  caustic  potash  in  absolute 
alcohol'.  The  reason  for  dehydrating  and  differentiating  in  absolute 
alcohol  is  to  prevent  the  caustic  from  acting  on  the  cvlh 

After  the  sections  attached  to  slides  by  my  albumin-method 
(p.  373)  have  turned  a  reddish  tint  in  the  caustic  alcohol,  withdraw 
the  slide,  wash  it  very  carefully  in  absolute  alcohol  to  remove  the 
alkaline  alcohol,  and  place  it  in  distilled  water  to  discharge  the 
aosin  from  all  the  tissue-elpraents  except  tbf  red  blood-corpusclfr'S 
which  stand  out  bright  red^  and  the  neutrophilous  leucocytes  and 
nucleoli  which  remain  purple. 

Should  the  blue  colour  not  be  deep  enough,  then  it  may  be  intensified 
by  transferring  the  slide  to  a  vessel  containing  two  drops  of  glacial 
acetic  acid  to  100  cc,  of  water.  I  know  of  no  better  method 
for  showing  tlie  chromatin -segments  or  nuclein-constituents  of 
the  nuclei  of  nerve-cells,  gland-cells  and  connective  tissue  elements, 
although  the  inethyl-bhte  does  not  fix  on  to  the  nucleic  acid  nulieal. 
The  red  reaction  obtained  with  red  corpuscles,  especially  after  ]>icro- 
corrosive  fixation,  is  so  distinct  that  even  with  the  A  lens  of  Zeiss 
every  corpuscle  is  readily  seen.  Many  years  ago  I  noticed  tliat  the 
Bame  red  reaction  is  obtained  with  the  blood-vessels  of  the  octopus 
and  Loligo.  The  ganglion  stellatuui,  for  example,  appears  as  if 
injected  with  carmin-gelatin  ;  and  I  am  told  that  my  long  method 
is  being  used  in  Liverpool  for  mapping  out  the  circulatory  system 
of  fishes,  because  of  the  readiness  with  which  blood-corpusclos 
are  traced*  Haetnoglobin  and  haeraocyanin  occurring  in  muscle, 
aspecially  the  striped  variety,  explains  why,  after  the  long  method, 
inuBcle  is  also  stained  red. 

8.  Ehrlich's  acidophil  mixture  'C,'  containing  three  colour  acids, 
namely  eoain,  aurantia,  and  indulin  (or  nigrosin),  in  the  proportion 
of  two  grams  of  each  of  the  three  salts  in  thirty  grains  of  glycerin 
(according  to  GrObler  oftor  Leo),  Ehrlith  stains  blood-tilms  in  this 
mixture,  to  obtain  the  acidophil  or  a-granules  stained  red  by  eosin  ; 
the  haemoglobin  stained  orange  with  the  aurantia  ;  the  amphophile 
or  /9-granules  and  nuclei  stained  bluish-black  with  the  indulin. 
Nikiforoff*  and  Lee  use  the  stain  for  sections  of  tissues  fixed  in 
Flemming's  solution.     They  stain  sections  for  twenty-four  hours. 

Staining  by  the  formation  of  additive  compounds. 
The  methods  of  Max  Schultze  (9J,  Daddi  (10),  and  Michaelis  (il), 
for  staining  the  oleic  serie?^  of  fatty  compounds  are  given  on  pp.  81 
and  307.     What  is  common  to  all  these  methods  is  the  formation 
of  additive  compounds. 

*  Tu  too  CO.  of  alHM>Iut«  alcohol  add  i  grm.  of  solid  caustic  potash  :  place  tbo 
bottle  on  the  top  of  ah  incubator  to  set  up  diffusion  currents  in  the  stcohol,  and 
after  twcntj-fnur  hours  filter  the  lUouhoI  to  removu  lh«  KOII  which  haa  not 
b««n  diaatilr^d.  Although  c&iied  a  i  p.  e.  oaustic  alcohol  the  iK>lution  doea  not 
contain  t  gnu.  of  KOH  in  iqo  oc.  of  alcohol. 

'  ^ikiforoff :  ZcHtch./.  iriv.  3itkr.  8,  189  (1891),  and  11,  346  Ci894)> 
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ifi)  Direct  staining  with  colour  bases. 

12.  Ehdick  has  used  combinations  of  any  two  of  the  ftil lowing 
dyes:  basic  fticlisin,  methyl-green,  methyl-violet  and  metliyl-blue, 
and  has  even  made  a  mixture  coutainin^^  the  tliree  colour  bases; 
basic  fuchsio,  Bismarck-bi'own,  and  chrome-green. 

13.  JCkiikh's    Janus-fftcen    or    diethyl-safranin-azo-dimetliyl-anilin 
(p.  444)  may  also  be  mentioned  among.st  colour  bases,  as  it  contains  i 
the  basic  azo-groiip  and  also  the  basic  safrantn  group.     It  etainSi 
nerves  intravitally ',  and  haa  been   used  extensively  by  MichaellJ 
for  stmning  living  gland-cells'. 

14.  Gihbes    double    stain    is     prepared    as     follows:     Triturate! 
magtnta  (i.  e.  fucbsin)  two  grams   and  metiiylene-blue  one    gram, 
then    add   slowly    a   mixture   of  anilin   oil    three   cc.    dissolved    in 
rectified  spirit  (i.  e.  84  per   cent,  alcoholj    fifteen   cc,  and    finally 
add  distilled  water  fifteen  cc. 

(7)  Direct  staining  with  colour  salts. 

This  group  includes  some  of  our  best  staining  media,  and  in  it 
should  be  placed,  theoretically,  only  those  dyes  which  contain  colour 
acids  joined  to  colour  bases  in  correct  molecular  proportions. 

TliO  idea  of  uniting  colour  acids  to  colour  bases  with  the  -view 
of  obtaining  'neutral'  colour  salts  originated  with  Ehrlich  in  1879*, 
and  led  liiiu  to  the  discovery  of  the  neutrophil  or  e-granules  in  the 
leucocytes  of  the  human  blood.  As  examples  of  'neutral  dyes'  or 
colour  salts.  Ehrlich  mentioned  rosanilin  picrate,  methylene-blue-J- 
acid  fuchsin  and  methyl-green  +  acid  fuchsin. 

These  colour  salts  being  itLsoluble  in  water,  one  of  the  following 
plans  must  bo  adopted  to  render  them  soluble:  (i)  add  an  excess  of  the 
acid  dye  (Ehrlich),  or  the  basic  dye  (Rosin) ;  (2)  dissolve  salt  in  pure 
methylic  alcohol  (Jonner),  or  (3)  procure  a  temporary  solution  by 
prolonged  boiling  (Laurent). 

The  relative  merits  of  these  methods  are  not  easy  to  determine. 
Ehrlich's  procedui-e  of  dissolving  the  colour  salt  in  an  excess  of  the 
colour  acid  may  be  perhaps  less  exact,  for  the  following  reason  :  it  is 
f»ossible  to  suppose  that  the  excess  of  the  acid  radical  might  favour 
the  corresponding  radical  in  the  colour  salt  ;  thus  if  metliylene-blue 
eosinate  is  rendered  soluble  by  adding  a  trace  of  free  oosin,  it  might 
be  argued  that  the  sections  will  tend  to  stain  to  a  greater  extent  in 
eosLn  than  tlioy  would  if  no  excess  of  eoain  had  Ijeen  added. 

On  the  other  hand,  I  believe  it  is  also  possible  to  argue  that  the 
eosin  added  in  excess  has  no  action  whatever  on  the  tissue,  provided 
it  is  only  added  in  such  quantities  as  to  just  render  the  insoluble 
methylene-blue  eosinate  soluble.  In  this  case  the  whole  uf  the  energy 
of  the  eosin,  added  in  excess,  is  employed  in  converting  the  non- 
dissociated  colour  salt  into  the  dissociated  colour-ions,  on  the  same 
principle  that  the  slight  ionization  of  porfeotly  pure  distilled  water  is 

'  P.  Etirlicli  :  Siizungsb.  d.  Vereins/iir  inrifre  Medicin  (1  Dec.  1898). 
'  Michiii'lJs  :  Areh.f.  mikr.  Anat.  55,  558  '  1900). 

'  P.  Klirlieh  :  '  M«thudologiaube  Beitrage  z.  Pbyaioi  u.  Pathol,  d.  verschio- 
deneu  Formen  d.  Leucocyten,'  Zeitxh./.  kiiti.  Mtdiiin,  1. 
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probably  the  factor  which  produces  both  electrolytic  and  hydrol3rtic 
disaociations.  In  practice  I  have  Ijeen  unable  to  detect  any  dilTerence 
between  the  results  obtained  by  Ehrlich's  or  Laurent's  methods,  as 
long  as  both  stains  were  used  in  saturated  solutions. 

15.  (a)  Ehrlich's  '  neiUmV  mirture  of  mctfii/lcHe-bluc  +  acid  Jvchsin. 
It  is  used  for  blood-films  which  have  been  fixed  for  one  to  two  hours 
by  careful  heating  at  i20°C.  The  neutrophil  or  c-granules  of  leuco- 
cytes  are  stained  violet. 

(ft)  BomanowsJci/'s  methylene-bluo  eosinate  method.  The  prepara- 
tion of  the  dye  is  given  on  p.  441. 

(c)  Jcnner's  method,  originally  devisee^  for  Idood-corpusclos,  may 
also  l>e  used  for  sections.  The  staining  solution  (p.  442)  is  used  in 
this  way:  a  thoroughly  clean  cover-glass  (p.  371)  is  covered  with 
a  thin  film  of  blood,  which  is  allowed  to  become  air-dry.  Cover  the 
film  with  seven  drops  of  the  methylene-blue  eosinate  solution  ;  invert 
a  watch-glass  over  the  preparation ;  after  one  to  three  minutes  pour  off 
the  stain ;  rinse  in  distilled  water ;  drj'  in  the  air  and  mount  in  balsam. 

(d)  Laurent  stains  sections  in  tlie  following  way:  The  bottle  con- 
taining the  methylent-ljliiR-eosin  precipitate  and  the  mother  liquor 
(p.  442)  is  thoroughly  shaken  till  the  preeipitntii  ftirnis  a  suspension. 
A  given  quantity  of  this  mixture  is  then  dilutcil  with  four  times  its 
bulk  of  distilled  water,  and  is  boiled  vigorously  for  five  minutes  over 
a  Bunsen  burner. 

The  solution  is  then  coohd  under  the  tap,  and  cover-glasses  or  slides 
are  placed  in  the  still  warm  fluid  for  half  an  hour  and  up  to,  but  not 
exceeding,  five  to  six  hours.  The  preparations  after  rinsing  in  96 
per  cent,  spirit  are  difTorentiated  in  absolute  alcohol.  It  is  imperative 
to  take  absolute  alcohol,  as  othenrise  methylene-blue  is  extracted 
more  quickly  than  the  cosin.  Two  to  10  minutes'  differentiation  is, 
as  a  rule,  sufficient^  but  it  may  l>e  prolonged  up  to  six  hours.  After 
formalin  fixation  in  ceUoidin  sections  the  following  substances  are 
stained  red  : — collagen  (white  fibrous  conn«^ctivo  tissue),  the  stratum 
corneum,  and  eosinoplulous  granules.  The  fibrillar  structures  in  the 
protoplasm  are  blue,  while  the  stroma  is  distinctly  redder;  the  cells 
at  the  base  of  Lieberkflhn's  glands  are  red,  but  blue  higher  up.  The 
theoretical  views  of  Laurent  are  discussed  on  p.  340. 

(f)  O.  Matircr's method*.  To  what  an  extent  the  exact  relationship 
of  raethylene-blue  and  eosin  comes  into  play,  how  readily  slight 
differences  in  the  excess  of  one  of  the  dyes  modify  the  result,  and 
above  all  what  important  factors  the  age  of  the  methylene-blue-eosin 
mixture  and  the  duration  of  the  staining  are,  will  become  apparent 
on  studying  f».  Maurer's  paper  on  malaria  parasites.  The  best  results 
are  obtained  by  using  a  r  per  cent,  solution  of  the  medicinal  methy- 
lene-))Iue  from  HOchst  in  0-5  per  cent,  soda  solution,  which  has 
rii>ened  for  one  month,  and  a  i  :  1,000  eosin  w.g.  from  Grilbler  and 
Hollbom.  To  stain  blood-films  (or  sections,  esjiecially  after  fixation 
in  alcohol,  Mann)  dilute  i  cc.  (=  15  drops)  of  the  above  methylene- 
blue  solution   with  25  cc.  of  water;   similarly   dilute   i   cc.(=  15 

*  O.  Mauror  ;  'DU<  Tiipfching  d.  Wirthszelle  det  TertiaiiaparMit«n,*  Cmfro/I'?. 
/  BmIiHoL,  Abth.  I,  2»,  114-125  (1900). 
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drope)  of  the  eosin  solution  with  25  cc  of  water.  Pour  the  eosin 
solution  into  the  methylene-blue  solution  and  immerse  the  object 
to  be  stained  without  the  least  delay  in  the  staining  niLxtore,  and 
examine  at  the  end  of  10,  20,  30  and  60  minutes,  but  do  not  stain 
for  longer. 

16.  EhrikWa  Triple  Stain  or  the  methyl-green,  acid  fuchsin,  and 
orange  mixture,  and  its  modifications  : 

[a]  Ehrlich  originally  employed  for  blood-films  a  mixture  con- 
sisting of 

Sttarated  watery  onnge IA5  ec 

Saturated  ao  per  csent.  aleofaolic  acid  fnchsm         .         135  cc. 

AbBolut«  alcohol 73  cc. 

Saturated  watery  methyl-green     .         .         .         .         125  oc. 

This  stain  was  first  used  for  sections  by  Babes  in  1886  '. 

{b)  Biondi's  modijication.  The  solution  of  Ehrlich  given  under  (a) 
was  then  modified  to  meet  the  requirements  of  R.  Heidenhain ',  by 
Biondi  in  1888,  who  mixed  thoroughly  saturated  solutions  of 

Oraoge  .        .        .        .         ,         100  cc 

Acid  fuchstn         ....  20  c«. 

Methyl-green         .         .         .         .  50  cc 

It  is  absolutely  necessary  that  the  solutions  be  saturated,  and  to 
ensure  this,  fill  a  bottle  half  full  with  the  dye  ;  fill  it  with  hot 
water,  just  leaving  a  little  free  space,  and  shake  vigorously  for  ten 
minutes ;  on  the  next  day  shake  again  t  on  the  tliird  day  take  the 
requisite  quantity  by  means  of  a  pipette  from  the  upper  clear  layer  of 
the  fluid  and  mix  in  the  order  indicated. 

{c)  Martin  Heidenhain'^  recommends  orange  G,  rubin  S,  and 
methyl-green  00  to  l>e  obtained  in  a  crystalline  form  from  the 
Actiengesellschaft  in  Berlin*.  M.  Heidenhain  use^  the  three- 
colour  mixture  as  sold  by  Grtlbler  and  Hollborn,  and  acidifies  it 
with  the  view  of  accentuating  the  red  colour,  according  to  the  fol- 
lowing plan:  Three  parts  of  Grtibler'a  stock  solution  are  diluted 
with  200  parts  of  water.  Then  a  few  drops  of  this  dilute  solution 
are  placed  in  a  beaker  and  acidified  with  i  :  500  acetic  acid  till 
the  colour  changes  from  a  smoky  to  a  distinctly  carmiti-red  tint. 
This  vessel  ia  used  as  the  test  beaker.  Now  i  :  500  acetic  acid 
is  added  gradually  to  the  3  :  200  solution  made  from  the  stock 
solution,  till  a  few  drops  of  thw  solution,  when  placed  in  a  second 
beaker,  show  the  same  carmin  colour  as  does  the  solution  in  the  test 
beaker. 

Sections,  fixed  preferably  in  sublimate  *,  are  first  subjected  for  a  few 
hours  to  the  treatment  of  i  :  1,000  acetic  acid  to  ensure  more  elective 
staining;  they  are  then  treated  for  a  quarter  of  an  hour  with  tincture 
of  iodine,  to  remove  the  sublimate ;  are  wa^ed  in  alcohol  and  stained 
for  12  to  18  hours  in  the  3 :  200  stain. 

'  Babes  :  Vircitow't  Ank.  106,  511-526  ^i6B6). 

*  B.  Heidenhain  :  '  Beilrage  z.  Hiat.  u.  Physiol,  d.  Duuudarmschleimhaut,* 
Imager's  Arch.  iS,  Suppltment  (1888). 

*  Festack.  KaUiher,  Leipzig  (1892%  116,  and  ZeiUKh.f,  via.  Mikr,  9,  soa  (1893). 

*  Obtainable  through  Aloxandor  Fruzor,  Ediuburglt. 

*  Alcohol-fixed  material  an&wers  also  well. 
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When  the  staining  is  completed,  th©  sections  (fixed  to  the  slides) 
are  rinsed  for  a  short  Hnie  in  distilled  water  (which  may  be  slightly- 
acidulated  |,  thpn  tinjji'  are  diflferontiated  in  absolute  alcohol  and  are 
mounted  in  xylol  balsam.  (It  is  better  to  use  the  neutral  balsam  of 
GrObler.) 

{(l)  Israel  \  on  th©  recommendation  of  R.  Heidenhain,  advises  the 
following  procedure  :  Make  of  the  methyl-green-orango  mixture  sold 
by  Grlibler  a  12  per  cent,  solution ;  dilute  i  cc.  of  tliis  stock  solu- 
tion with  30  cc.  of  water,  and  add  3  cc.  of  a  half  per  cent,  watery 
solution  of  acid  fuchsin, 

(e)  It.  JE'rsMse*  prepares  the  triple  stain  from  dyes  made  by  the 
Actiengesellschaft,  Berlin. 

Riibin  S  :  9o  grms.  in  100  cc,  of  dlBtilled  water     ,         ,         4  pAiisl       j^. 

Orange  Q  :  8  grms.  in  100  <.-c.  of  dUti11i><|  water    .         .         7     ,»      i    V^- 

Methyl-green  :  8  grma.  in  100  cc.  of  dialilled  water      .         8     „      j  "OJulwrn 

Mix  the  dyes  in  the  order  indicated,  and  dilute  i  cc.  of  the 
resulting  stock  sohition  with  50  to  100  cc.  of  water.  Treat  the 
Bections  with  dilute  acetic  acid  for  a  couple  of  hours  previous  to 
atalning,  and  stain  twelve  to  twenty-four  hours. 

(/)  EhrUch's  Triacid  Stain,  The  name  of  this  mixture  indicates 
that  the  tribasic  ni ethyl-green  has  its  basic  affinities  satisfied  by  three 
acid  equivalents  of  the  two  other  constituents,  namely  orange  G  and 
acid  fuchsin. 

To  prepare  this  dye  Ehrlich  proceeds  thus  : 

Saturated  watery  solutions  of  the  dye  (which  take  days  to  pre- 
pare) are  mixed  in  tbe  following  proportions*,  in  the  order  indicated 
and  using  the  same  measuring  vessel  throughout : 
Orange  O  . 
Acid  fuchsin 
Water 

90  p.  c.  alcohol . 
Methyl-green  . 
90  p. c.  alcohol. 
Glycerin    . 

(if)  Paid  Mayer*  tells  me  that  he  has  analysed  Ehrlich's  triacid 
solution,  and  finds  the  solubility  of 

Buhin  S  (and  fuchsin)  to  b«  approximately  i  prm.  in  13  oc.  of  water 
Orange  O  ,,  ,,  i  gnu.  in  7  cc.  of  wat«>r 

Mtsthyl-green  00  ,1  »,  i  grm.  in  la  cc.  of  water 

To  make  Ehrlich 's  triacid  solution  P.  Mayer  first  dissolves  in  the 
fluid  mentioned  the  colour  acids,  and  subsequently  the  methyl-green, 

in  these  proportions  : 

Ih_it!f.  Fluid. 

Ac-id  fiJchMii  .  3  grm.  V  Water        .        .    45  cc. 

Grange  Q     .  .         .  a  grm.  V  in  Glycerin    .         .1000. 

Methyl-green  .  i  grm.  '  Alcohol  90  p.  c      95  ee. 

Ehrlich's  triacid,  if  used  in  full  strength,  overatains  sections  fixed 
in  picro-corrosive  formaldehyde  in  two  minutes.     It  is  best  to  dilute 

'  Israel :  Fniktic,  Path.  Hist.,  B(^«rlin.  69  (1893) 

*  Krauas: '  Beitrage  xur  HiatoL  d.Wirbeltierleber,'  Arch./,  mikr.  Anat.  42,  53-83. 

*  Pftol  Mayer  ;  OrundgQge  d.  mikroteof.  Tiehnik,  aia  ^1901). 
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the  stock  solution  in  the  proportion  of  i   to  4  with  a  mixture  of 

glycerin  10  cc,  water  15  cc,  nnd  90  i)er  cent  ethyl-alcohol  25  cc, 

I  find  it  best  to  stain  with  the  i  :5  solution  fur  2  to  10  minutes, 
to  quickly  rinse  the  sections  in  water,  and  to  diflwrentiate  at  once  with 
absolute  alcohol,  lor  tlie  strongei"  the  alcohol,  the  less  the  danger  of 
extracting  the  basic  dyes. 

The  temi  differentiation  with  Ehrlich's  stain  dops  not  mean  that 
by  the  action  of  alcohol  the  dyes  are  extracted  in  difi'urent  proportions, 
for  they  are  not.  It  means  that  the  section  is  cleared  of  all  particles 
of  stain  which  are  simply  imbibed  physicjilly  or  nioehanically. 

Generally  speaking,  Ehrlich's  triple  stain  is  for  the  beginner  some* 
what  fickle,  because  of  some  fault  of  bis  oiivn,  but  when  once  mastered 
it  is  one  of  the  quickest  and  most  reliable  stains  to  work  with. 

C>   Successive  application  of  dyes. 

Under  this  heading  are  included  all  methods  by  which  sections  are 
stained  first  in  an  acid  and  subsequently  in  a  basic  dye  or  vice  versa.' 

II.  Staining  methods  reQuiring  dlifibrentiation. 

17.  Stroebes   method'    for    staining    axis-cylinders    of   nei'ves    is 
a  modification  of  Weigert's'  acid  fuchsin   method  for  the  central 
nervous   system,  as   in   both   methods   bichromate   sections   and  s 
sulphuric  acid  dye  ai'o  used  with  subsequent  diflerentiations  in  caustioi 
alcohoL 

Celloidin  sections  of  the  central  or  (;>eripheral  nervous  system,  which 
has  been  hardened  for  4  to  5  months  in  Milller's  fluid,  are  treated  m^ 
follows:  (i)  Stain  in  a  freshly  prepared,  saturated,  watery  anilin- 
blue  solution  fi-oui  lo  to  30  to  60  minutes.  (2)  Wash  in  distilled 
water.  (3)  Transfer  to  a  dish  cont;uning  absolute  alcohol  (quantity 
not  stated),  to  which  20  to  30  drops  of  i  per  cent,  solution  of  caustic 
potash  in  absolute  alcohol  have  previously  been  added  ^  In  the 
caustic  alcohol  the  blue  sections  first  l>ecoiae  of  a  rusty  red  colour 
and  i"ed  clouds  are  seen  to  leave  the  sections.  Within  a  minute,  whea 
the  sections  have  gradually  become  transparent  and  of  a  light-brownl 
tint,  transfer  them  to  a  large  quantity  of  distilled  water  for  five 
minutes  to  restore  the  blue  colour ;  coanter-ataiu  for  15  to  30 
minutes  in  a  saturated  watery  safranin  solution  diluted  with  an 
equal  amount  of  water ;  remove  the  superfluous  safranin  with 
absolute  alcohol ;  and  finally  clear  in  xj^lol  and  mount  in  balsam. 

I  use  paraffin  sections  of  tissue  hardened  in  Mliller's  fluid,  and 
attached  to  slides  by  my  albumin  method  (p.  373).  Stain  3  to 
6  hours;  rinse  in  water;  thoroughly  dehydrate,  before  placing  the 
sections  in  the  caustic  alcohol ;  take  5  drops  of  I  per  cent,  caustic 
alcohol  (p.  217)  to  25  cc.  of  absolute  alcohol;  after  sections  have 
turned  reddish,  rinse  thorn  with  absolute  alcohol  to  remove  the  greater 
part  of  the  caustic  alcohol,  and  place  the  slide  in  distilled  water. 

*  H.  Stnu-bo:  Centralbl.f.  aOgeiti.  Paih.  u.paih.  AnaL  4,  49  (iSgaV 
'  Weigert  :  Cenlralblf.  d.  mod.  Witamaoh.  42,  753,  and  43.  77a,  (188a). 
'  To  prepare  the  cauittic  alcoliol  treat  i  grm.  of  KUU  with  100  co.  of  abaolute 
alcohol  for  twentj-four  huurs,  thaa  fitter. 
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If  there  is  any  tendency  of  the  blue  to  be  too  pale,  the  sections  are 
placetl  in  dilute  acetic  acid  (2  drops  of  glacial  acetic  acid  to  100  cc. 
of  distilled  water}.  After  counter-staiiiing  in  safranin,  ditJerentiate 
to  the  desired  extent  with  clove  oil,  if  this  dye  does  not  come  out 
readily  with  alcohol.  If  clove  oil  is  used  take  care  to  replace  it 
completely  Vi'ith  xylol  or  benzol  l>efore  mounting.  StrooUo  points 
out  that  the  anilin-blue  solution  must  h(?  freshly  prepared,  as  other- 
wise failure  may  be  the  result.  I  find  that  addition  of  any  acid,  for 
example  sulphuric  acid,  to  the  staining  bath  overcomes  this  difficulty. 
Stroebe's  method  is  one  of  the  best  for  the  nervous  system. 

18  (1.  Gram's  tmiMndK  Make  a  sat  mated  solution  of  atiiltn  oil  in 
distilled  water  by  shaking  the  oil  vigorously  with  the  wator,  and 
filter.  The  filtrate  is  called  anilin  water.  To  100  cc.  of  this  anilin 
water  add  5  cc.  of  a  saturated  alcoholic  solution  of  gentian- violet, 
or  still  belter  crystal-violet  (p.  424);  shake  and  filter;  stain  in 
this  mixture  for  5  minutes ;  rinse  in  water  ;  treat  with  Lugol's 
solution  (iodine  i  gram,  potassium  iodide  2  grama,  water  300  cc) 
for  5  minutes.  Wash  in  water  and  differentiate  in  alcohol,  or, 
if  this  procedure  takes  too  long,  diffcreutiate  in  clove  oil.  Kisskalt's 
method  is  given  on  p.. 452. 

Unna '  uses  pamrostmilins,  and  not  rosonilins,  because  iodine  has 
a  special  chemical  aflinity  for  the  former.  Gottstein  *  holds  that  the 
iodine  has  no  action  in  this  method  ;  but  that  the  pot^issium  iodide 
loosens  the  union  between  the  dye  and  the  tissue,  with  the  result  that 
the  subsequent  treatment  with  alcohol  or  clove  oil  readily  removes 
the  dye.  Since  that  time  the  ionic  view  has  been  developed,  and 
we  know  that  potassium  iotlide  does  not  act  as  KI  but  might  act 
as  K*  + 1'.  This  salt,  however,  seems  to  become  hydrolysed  into 
KOH  +  HI,  as  perfectly  pure  KI  gives  a  slight  alkaline  reaction 
when  placed  on  litmus  paper  and  wetted. 

The  following  explanatiohs  are  offered :  (i)  The  KOH  dissociates 
into  K*  +  OH'  and  the  alkaline  an-ion  OH'  (p.  12),  exerting  its  influence 
on  the  stained  tissue,  liberates  the  dye  radical — the  kat-ion — from  its 
bond  with  the  tissue.  The  kat-ionic  dye  radical  once  Hljerated  meets 
with  the  an*iouic  ioilino  radical  to  form  the  water-insoluble  dye-h 
iodine  compound. — (2)  The  HI  radical  breaks  up  into  H'+I' ;  the 
kat-ion  H*  attacks  the  tissue  which  is  playing  the  part  of  an  an-ion  ; 
the  kat-ion  H*  is  substituted  for  the  dye  kat-ion,  and  the  latter  unites 
with  the  iodino  an-ion  as  above.  The  second  explanation  is  supported 
by  the  following  method: 

18 6.  Claudius'  modification  of  Gram's  method*.  The  neeeBsaries 
are  a  i  per  cent  methyl-violet  6B  solution  (p.  424 1 :  a  half-saturated 
VnAerj  picric  acid  solution  (I  take  a  J  per  cent);  chloroform  or 
elove  oil.     The  method  consists  in  staining  sections  for  2  minutes  ; 


>  Onim  I  ForUchr.  4.  Mtd.  2,  6  (I884^. 

*  Unas :    '  Die  BoMbilme  und  Pararofloniline,'  ManaiaK  /.  prakU  DtrmaM. 

*  Oottatein:  'Uber  Entf&rbung  gofllrbt«r  Z«Ukorno  u.  Mikroorganismen  duroh 
SaltlOmingKD,'  Fori^kr.  d.  if«f«eiM,  8  (iSBsV 

*  M.  Claudius:  Aim.4»tlMt.  AulrMr,  11,  33a  (1897)- 
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rinsing  them  in  water  ;  removing  the  greater  part  of  the  water  with 

filter  or  cigarette  paper  (or  thin  No.  i  toilet  paper) ;  acting  on  them 
with  the  picric  acid  sohition  for  two  minutes;  rinsing  in  water, 
drying  wltli  cigarette  paper  short  of  complete  dryness,  and  differ- 
entiating in  chloroform  or  in  clove  oiL  Alcohol  is  to  be  avoided  in 
dehydrating  the  sections,  because  it  extracts  the  picric  acid  and  also 
decolourizes  certain  bacteria  which  normally  stain  l>y  Gram's  method. 
Anilin  oil  is  also  not  to  be  recommended.  For  cover-glass  pre- 
parations of  bacteria  Czaplewskt  differentiates  with  alcohol  or  anilin- 
xylolj  washes  in  xylol  and  mounts  in  glycerin. 

Picric  acid  dissociates  into  the  an-ionC„H  (NO^);0'and  the  kat-ion  H'. 
The  latter  may  act  according  to  the  second  explanation  given  under 
Gram's  method,  while  the  picric  acid  an-ion  remainder  forms  with  the 
gentian-violet  a  water-insoliible  compound. 

19.  Kupffer's  method  of  staining  nerve  fibrils  in  acid  fuchsin  and 
differentiating  subsequently  in  alcohol,  and  (20)  Ap(ilki/s  method  of 
differentiating  ner^'e-cells  and  fibres  stained  in  methylene-blue  by 
ammonia,  also  Iwlong  to  this  group  of  stAining  methods. 

21.  The  long  meihyl-bluc-eosin  method  {p.  216)  is  an  example  of 
the  application  of  two  dj-es,  followed  by  a  difiemntiation  with  the 
view  of  staiuing  red  blood -corpuscles  red  and  the  rest  of  the  tissue  blue. 

22.  Baunifjarten's '  rmthod  of  using  fuchsin  and  methylene-blue. 
Sections  of  material  fixed  in  solutions  containing  chrome-compounds, 
are  stained  for  24  hours  in  the  following  mixture:  saturated  alcoholic 
solution  of  fuchsin  I  part,  water  lo  parts  ;  are  rinsed  in  alcohol ; 
differentiated  and  counter-stained  in  a  saturated  watery  solution  of 
methylene-blue  for  4  or  5  minutes  ;  still  further  differentiated  with 
alcohol  for  5  t<i  10  minutes;  cleared  with  clove  oil,  and  mounted  in 
balsam.  I  remove  tlie  clove  oil  with  benzene,  and  finally  mount  in 
neutral  balsam. 

The  methylene-blue  displaces  the  fuchsin  from  the  cytoplasm, 
a  result  w^hich  cannot  bo  procured  by  using  either  neutral  or  acid 
alcohol. 


CHAPTER  XIX 

Chemical  Methods— Staining  after  Mobdawtino. 

A  mordant,  using  the  term  in  a  broad  sense,  is  any  chemical  agent 
which  brings  about  a  chemical  union  l)etween  two  other  substances 
which  by  themselves  have  no  chemical  affinity  for  one  another. 
Thus  tissues  fixed  in  absolute  alcohol  are  potential  acids  or  bases,  or, 
as  it  is  termed,  are  in  the  state  of  pseudo-acids  and  pseudo-bases 
(pp.  27  and  337)>  As  long  as  this  condition  persists  they  are 
unable  to  react  with  colour  bases  and  colour  acids  to  form  coloured 
salts,  but  after  their  pseudo-character  has  been  changed  into  the  real 
or  actual  acid  or  basic  state,  staining  with  colour  acids  or  colour 
bases  becomes  possible. 

As  pointed  out  elsewhere,  pseudo-acids  are  converted  into  real 
acids  by  the  addition  of  bases,  and  pseudo-bases  into  real  bases  by 
'  Baumgarten  :  ZeiUcK.  f.  wiat,  Mikr.  1,  315  (1884). 
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acids,  and  we  are  therefore,  according  to  the  definition  given  above, 
justified  in  considoring  83  a  mordant  any  base  or  acid  capable  of 
acting  on  tlie  pseudo-compounds  just  indicated. 

In  the  restricted  sense,  however,  n  ntordant  is  an  agent  which 
becomes  itself  included,  and  whidi  forms  the  connecting  lin^k  by 
holding  on  both  to  the  tissue  and  the  staiu. 

A  mordant  may  be  used  in  histology  at  the  time  of  fixing  tissues, 
or  after  they  have  l>een  fixed  ;  during  the  process  of  staining  or  after 
physical  staining  has  been  completed.  We  should  therefore  always 
keep  in  mind  that  a  great  many  of  our  fixing  reagents,  in  addition 
to  fixing,  act  also  as  mordants,  as  do,  for  example,  all  chrome-com- 
pounds and  many  salts  of  the  heavy  metals,  as  will  lie  jioiuted  out 
in  greater  detail  afterwards  ;^further.  that  many  dyes,  for  example 
ordinary  haematoxylin  and  carmin  stains,  contain  a  mordant,  namely 
alum.  Knowing  what  dyo  we  are  going  to  employ,  and  sufficient 
about  its  chemistry  to  lie  able  to  tell  whether  ii  is  a  colour  acid  or  a 
colour  base,  it  is  possible  to  choose  such  mordants  as  possess  aftinities 
for  the  dye.  trusting  at  the  same  time  that  the  mordajit  will  attach 
itself  to  the  tissue  because  of  the  amido  nature  of  the  latter,  for 
amido  acids,  according  to  circumstances,  may  act  either  as  acids  or 
as  bases. 

Mordants  can  be  divided,  according  as  the  radical  contained  in 
them  which  enters  into  clieniit-al  conj1*ination  in  the  process  is  acid 
or  basic.  The  comiiounds  formed  by  the  union  of  basic  mordants  with 
colour  acids  are  termed  lakes  in  this  country,  while  it  wouUl  appear 
that  this  term  is  applied  in  Germany  also  to  compounds  formed 
between  acid  mordants  and  colour  bases. 

The  mordants  commonly  used  in  combination  with  basic  dyes  are 
(i)  tannin  jp.  74),  (2I1  colour  acids,  such  as  picric  acid  (p.  74I,  gallein 
(P-  431  )■  ^"^^  coerulein,  and  (3I  acid  salt-colours,  for  example  yellow 
chrysamin,  also  canarin  and  the  sulphide  dyes  (p.  434). 

The  mordants  in  common  use  with  acid  dyes  are: 

1.  TJic  Alums:  especially  potash  alum,  AljlSO/),  +  K^SO,  +  24H,0, 
iron  alum,  Fe^|S0J,4-K.jS0j-|-24Hp,  and  chrome  alum,  0x48^)4)$  + 
KjSO^  +  24 HO  (the  behaviour  of  alum  is  described  on  p.  230). 

2.  The  Sulphates  of  iron. 

The  ferric  sulphate,  Fe.(SO,)-f  gHjO,  is  apt  to  decompose  into  the 
basic  salt  Fe/SOJ  (0H),4-  I4ll,0,  and  the  latter  into  the  still  more 
basic  compound  Fo  SO,(OH).  -f  5H,0  '. 

Persulphate  of  iron  solution,  or  liquor  ferri  tersulphatis,  is  the 
liquor  ferri  sulfurici  oxydati  of  the  German  Pharmacopoeia,  This 
solution  is  the  one  which  Benda  uses  for  his  haematoxylin  methotl. 
According  to  the  Pharmacopoeia  of  the  United  States,  edition  VI, 
1883,  it  is  prepared  as  follows : 


Sulj)l».atf)  of  iron 
Sitlphuric  Acid  . 
Nilrie  Acid  .  , 
Diatillvd  watvr  . 


80  parts 


>  Ber,  ikuUek,  ektm,  OmUtcK  9,  77. 
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Mix  the  sulphuric  acid  with  1 1  parts  of  nitric  acid  and  50  parts 
of  distilled  water  in  a  capacious  porcelain  capsule,  and  having  heati*d 
the  mixture  to  the  boiling  point,  add  tlio  sulphate  of  iron  (one-fourth 
of  it  at  a  time),  stirring  after  each  addition,  until  efiFervescence 
ceases.  Should  the  addition  of  a  few  drops  of  nitric  acid  cause  a 
further  evolution  of  i-ed  fumes,  cautiously  add  nitric  acid  till  red 
fumes  cease  to  be  evolved.  Then  continue  the  heating  until  the 
solution  acquires  a  reddish-brown  colour  and  is  free  from  nitrous 
odour.  Lastly,  add  enough  distilled  water  to  make  the  whole  measure 
200  parts.  The  dark  reddish-brown  lit^uid,  almost  odourless,  has 
a  specific  gravity  of  1-320  and  is  nuscible  with  water  and  alcohol  in 
nil  proportions  without  decomposition. 

The  iron  salts  commonly  used  as  mordants  are  : 

Ferric  potassium  sulphate  or  iron-alum,  Fe  (SOJ,  +  K  SO,  +  24H  0, 
apt  to  decompose  into  SKjSO^-)-  2Fe,(S0J  (OH). -t-  16H  0. 

Ferrous  ammonium  sulphate,  FeSO,  +  (NH JjSO, -f  iSH^O,  a  very 
stable  salt  with  these  solubilities,  according  to  Tobler — 

at  o"  C.         20^  C.       30^  C,       60"  C.       75'  C. 

12-2  21-6  28-1  446  56-7 

3.  The  Acetates : 

[a]  Iron  acetate  Is  formed  by  adding  a  neutral  acetate  to  a  solution 
of  ferric  chloride,  Fe(C..H^O^|^.  It  readily  decomposes  on  boiling  into 
the  basic  insoluble  salt 

Fe(C,n,0,1,  +  H,0  =  Fe(OHj  (CgH^O,,),,  +  CjH.Oj. 

(&)  Copper  acetate^  Cu(CoH.,02),;  +  II,0. 
(c)  Aluminium  and  chromium  acetates. 

4.  Chromc-cimipfiunds  i  the  cheniistiy  of  chromium  trioxide  and  its 
derivatives  is  given  on  pp.  72  and  75.  It  is  sufficient  for  our  present 
purposes  to  remember  that  chroniates  have  a  tendency  to  ijecome 
bichromates,  and  that  the  latter  cannot  exist  in  the  presence  of 
OH-ioua,  thus : 

2CrO/'         +  2H'  =  Cr  0,"  -h  H,0 

chromate  ions  +  hydrogen  ions  =  bichromate  ions -|- water. 

CrjO,"         -F         2OH'         =         2CrO/'  -h  H,0 

bichromate  ion-|-  hydroxyl   ion  =    chromate   ion   -f  water. 

Chromium  trioxide,  CrO^,  when  dissolved  in  water,  breaks  up 
transitorily  into  the  an-ion  CrO/'  and  the  kat-ion  all',  which, 
however,  cannot  exist  together  (see  the  formula  given  above),  there 
being  formed  at  once  the  bichrumate-Ious  Cr.,0-" -I- water.  These 
bichromate-ions  coming  in  contact  with  the  'alkaline'  tissue  con- 
stituents are  converted  into  the  chromate-ions  CiO^, 

It  follows  that  it  is  quite  immaterial  whether  chromic  acid  or 
a  bichromate  such  as  that  of  potassium  be  used,  as  in  either  case 
a  certain  amount  of  CiO^  ions  will  l>e  formed  in  the  'alkaline'  tissue, 
the  tendency  towards  this  formation  being,  of  course,  greater 
in  the  potassium  bichromate  because  of  the  existence  of  the 
K*-hOH'  ions. 
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Chromic-ions  ar<?  trivalent,  and  closely reseniMe  in  their  properties 
the  nluminium-ions  m>d  the  ferri-ions,  l>eing  isomorphic  with  these. 
It  is  therefore  not  dilHciilt  to  understand  why  chrome-comivounds  act 
aa  mordants. 

Suppose  chromium  trioxide  in  u.  watery  sohition,  usiinlly  cftlled 
'chruniic  .icid,'  ho  used  tur  mordantin;?.  then  we  Btait  with  Hie 
bichromate  ion  Cr.O.",  which  by  the  alkaline  tissue  becomes  chunked 
into  the  chronmto-ion  CrO„  nnii  thia  in  its  turn  is  reduced  to  Cr  O, 
or  chromic  oxide,  which  latter  may  get  changed  into  the  chromoua 
hydroxide  CilOHl,. 

5,  Tartar  emdk  or  potassium  antimonyl  turlrate,  C,H^O^KiSbO] + 
LHA  is  derived  from  tartaric  acid,  C'.H.O,  or  COOH(OH)HC— 
)H|OH)-COOH.  It  is  used  by  professional  dyers  in  combination 
Trith  tannin,  and  was  introduced  into  histology  by  Eawitz.  The 
taimate  of  aiitimoniuni  oxide  ha-s  great  affinity  for  basic  dyes,  and 
the  compounds  forined  by  its  union  with  crdour  bases  are  insoluble  in 
an  exce.ss  of  tannin,  while  the  ordinary  tannates  are  soluble. 

Instead  of  using  p*>tfissium  antimonium  tartrate^  the  oxalate  may 
be  employed,  or  the  antimony  radical  may  be  r*>p]aced  by  iron. 

How  the  mordants  fix  themselves  to  the  tissue  is,  in  many  cases, 
not  known.  It  is  not  difficult  to  imagine  tannin  (p.  74I  with  its 
5  hydroxyl  groups  fixing  on  to  the  tissue  and  also  to  basic  dyes. 
There  arises,  however,  a  difficulty  -with  jncric  acid,  wliich  contains 
only  one  salt-forming  group,  namely  the  phenol  radical  OH  |p.  74I, 
and  therefore  we  &re  dealing  perhaps  in  this  case  not  with  a  true 
mordant  action,  but  simply  with  the  precipitation  in  the  tissues  of  the 
insoluble  picrate  of  a  colour  base,  for  exanijde,  of  Victoria-blue,  ni^ht- 
blue,  kre^ivl-violet  (see.  however,  WIow).  What  happens  on  dissolving 
tannin  in  water  is  that  some  of  its  OH  groups  dissociate  analogously 
to  phenol  or  picric  acid  into  the  kat-ion  U'  -f  the  an-ion  tannin- 
remainder.  The  tissue,  playing  the  part  of  a  stronger  kat-ion  than 
the  IV,  unites  witli  the  tiiunin  to  form  an  insiduble  tannate.  But 
all  the  OH  groups  of  tannin  are  not  occniu'ed  in  thus  linking  the 
tannin  molecule  to  the  tissue,  and  those  which  remain  free  on  coming 
into  contact  with  stronger  colour  bases,  will  exchange  the  hydrogen 
kat-ion  for  the  colour  bases.  There  is  thus  brougiit  about  an 
indirect  union  Ijetween  the  tissue  and  the  dye  according  to  this 
scheme 

tissue*  +  [C — tannin  —  O'j  -I-  colour  base*. 

This  view  supposes  the  mordant  to  play  the  part  of  an  an-ion 
between  two  kat-iona  represent*^!  liy  tlie  tissu*»  and  the  colour  base. 

An  entirely  different,  possible  mode  uf  action  of  mordants  must, 
however,  also  be  kept  in  mind,  namely  the  formation  of  additive 
compounds.  :t  view  which  would  dispense  with  the  assumption  that 
only  tiiose  molecules  are  active  which  have  undergone  an  electrolytic 
dissociation.  On  this  theory  the  colour-base  picrato  may  lje  aftt^r  all 
an  example  o(  a  true  mordant. 

For  the  basic  mordants  enumerated  above  the  some  rule  holds 
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good  as  for  the  acid  ones,  namely,  that  the  mordant  aft«r  it  has 

united  with  the  tissue  must  still  possess  some  unsatisfied  radicals 
cupublo  of  forming  salt-like  coml)inations. 

If  3/  represents  a  mordant,  BBB  its  3  basic  radicals,  and  A  the 
colour  acid  of  the  dye,  while  T  is  the  tissue,  then  a  tribasic  mordant 
cfm,  at  the  most,  hold  on  to  the  tissue  with  two  out  of  its  thi-ee  basic 
iwlicals,  thus  leaving  the  third  radical  free  for  a  union  with  the 
colour  acid. 


B 


r+ 


Nm— B 


B 

If  the  acid  radicals,  ^,  of  a  dye,  Z>,  he  multiple,  they  may  all  be 
satisfied  by  the  mordant  according  to  this  scheme : 

B— M—B     A. 

B— M— B     ^^ 

which  represents  two  molecules  of  a  mordant,  -3/,  holding  on  to  the 
tissue  with  one  basic  radical  each,  while  the  other  two  basic  radicals 
are  satisfied  by  a  dye  Z>  with  two  acid  radicals,  AA. 

Lieljermann  and  Kostanecki'  have  pointed  out  that  only  those  dyes 
will  fix  on  to  iron  oxidu  or  alumina  mordants,  which  contain  two 
hydrox^d  or  carboxyl  (OH  or  COOll)  groups  in  the  ortho-position 
to  one  another.  The  preater  the  number  of  these  acid  radicals,  the 
jBrreater  will  be  the  acidity  of  the  dye,  and  the  more  strongly  will  it 
be  held  by  the  mordant. 

Nitro-  or  sulpho-acid  dyes  cannot  be  used  in  combination  with 
mordants,  because  the  NOj  or  SO,  radicals  are  sufficiently  strong 
to  take  possession  of  all  the  available  radicals  of  the  mordant.,  and  to 
force  the  latter  to  give  up  its  hold  on  the  tissue.  It  follows,  there- 
fore, th.at  some  of  the  salt-forming  radicals  of  a  mordant  must  always 
remain  unsatisfied  either  as  regards  the  tissue  or  the  dye. 

The  choice  of  mordants  in  many  cases  is  determined  by  the  tint 
or  shade  of  colour  it  is  desired  to  produce  ;  thus  alums  with  carmlai 
give  a  bright  red  colour,  but  with  iron  comjwunds,  a  greyish-black,] 
There  are,  further,  special  dyes  on  the  market  called  chromotrop©%1 
which  are  used  with  diflerent  moixlajits  to  produce  different  sliadea, 
as  staled  more  fully  on  p.  393.     It  ia  customary  to  call  dyes  which 
stain  only  with  one  colour  monogenetic,  while  those  capable  of  giving 
tlifferent  colours  are  called  polygenelic. 

In  using  mordants  for  certain  acid  stains,  it  is  possible  to  first 
mordant  the  tissue  and  then  to  apply  the  stain,  as,  for  example,  in 
M.  Heidenhain's  iron-alum  method  ;  or  secondly,  to  combine  the 
mordant  with  the  stain  as  in  the  ordinary  haematein  or  carmin 
idums  ;  or  thirdly,  to  impregnate  the  tissue  first  with  the  dye,  and 
apply  the  mordant  suhsetiueutly,  as  in.  Hermaims  haematoxyliu* 
bichromate  method. 


Liebormann  and  Kostmeeki :  Chtm.  Jnd.  6,  724-6. 
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After  having  fixed  an  acid  dye  by  menus  of  a  basic  monlaiit,  it  is 
still  in  many  case*  possible  to  fix  to  the  acid  dye  a  basic  one,  as^  for 
example,  in  Benda's  method  (p.  243).  That  an  acid  dye  used  directly 
may  become  a  mordant  for  a  basic  dye  was  jHjiiited  out  above  in  con- 
nexion \rith  picric  acid. 

•  RemontAge '  is  a  term  given  to  the  principle  of  remordanting ; 
thus  in  Wei^erfa  process  for  medullated  nerves,  the  tissue  is  fixed 
firet  in  the  mordant  bichromate,  and  subsequently  mordanted  again 
with  copper  sulphate.  The  samo  principle  holds  good  in  using 
ahim  hiuenintoxylin  after  having  fixed  in  chrome-salts  or  sublimate' 
(Pappenheim). 

Whenever  mordants  are  used   either   in  the  fixing  or  staining 

lution,  or  when  they  are  applied  separately,  we  must  realize  that 

e  staining  effect  is  due  to  the  mordant,  and  not  due  to  the 
tissue,  and  that  we  have  no  right  to  draw  any  conclusions  as 
to  the  primary  colour-aflBinities  existing  between  the  tissue  and 
the  dye. 

In  the  fallowing  pagea  the  methods  have  been  arranged,  not 
according  to  tlie  reaction  of  the  mordant,  but  according  to  tho  dyes 
we  are  dealing  with.  These  lui%'©  been  arranged  in  the  following 
order:  Haematoxylin  (p.  229],  Brazilin  (p.  242),  Alizarin  (p.  243), 
Carmin  (p.  244),  and  Basic-anilin  dyes  (p.  249). 

The  impregnations  with  proleid  substances  after  A.  Fischei's  plan 
are  given  on  pp,  254-263. 

A.    TlaematoxyVm  and  Hacmatein, 

SpAce  forbids  entering  fully  into  a  description  of  all  the  different 
'haematoxylin'  solutions  which  have  been  advocated  from  time  to 
time.  A  good  review  is  given  by  Paul  Mayer',  who  has  also  worked 
out  the  conditions  under  which  '  haematoxylin '  stains'* 

Everything  stated  about  haematoxylin  and  hacmatein  applies 
equally  well  to  bi-azilin  and  brazilein. 

When  dealing  with  the  chemistry  of  haematoxylin  and  its  deri* 
vatives  (p.  436).  it  is  pointed  out  that  this  compound  is  a  weak 
acid  which  combines  with  basic  oxides  to  form  lakes.  With  some 
metals,  as  for  example  ii'on  and  copper,  coloured  lakes  are  formed. 
If  Buch  metals  occur  in  the  ctll  and  if  they  be  ]ibf«rated  from  their 
organic  union,  then  haematoxylin  may  be  used  for  their  detection, 
as  will  be  shown  later  (p.  292). 

When  haematoxylin  unites  with  metals  it  acta  as  an  acid  dye, 
whether  the  met^d  occur  naturally  in  the  cell  or  whether  it  be 
introduced  into  the  ceJl  during  the  processes  of  fijcing  or  of  mordant- 
ing. Haematoxylin  may,  in  addition  to  being  used  directly  as  an 
acid  dye,  be  also  employed  indirectly  in  the  form  of  its  oxidation- 
product  liaematein,  when  it  will  react  as  if  it  were  a  basic  dye  under 

'  The  rablimate  may  bo  removed  conii)lctely,  however,  by  trc«tinent  willi 
iodine-potamium  iodide. 

>  PmuJ  Mayer  :  ZeiUcJuf.  vi$t.  Mikr.  16,  196-911  (1899% 

*  Paul  Mayer:  MittheO.  a.  d.  ZmL  StatioM  at  KtOf^  10,  17a  ^1891). 
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certain  comlitions  to  be  stated  immediately.  It  has  already  been 
pointed  out  that  haematoxylin  ia  used  in  combination  with  alum 
for  dyeing  purposes.  Alum,  a  term  g-iven  originally  to  aluminium- 
potassiimi  sulphate,  Al.(SOj),,  +  K^SO^  +  aiHjO,  was  used  by 
professional  dyers  for  the  aluminium  sulphate  it  contains,  ami 
which  formerly  could  not  bo  obtained  sufficiently  pure  by  itself. 
Now  it  is  easy  to  obtain  pure  aluminium  and  therefore  the  pure 
sulphate,  for  which  reason  the  use  of  alum  is  discarded  more  and 
more  by  professional  dyers  and  should  also  be  laid  aside  by  histo- 
logjsts. 

Aluminium  sulphate,  AI.,(SOJ^.  in  a  watery  solution  decomposes 
electrolyticidJy  into  AF"  and  SO;"  ions,  and  hydrolytieally  into 
a  certain  number  of  Ar*'  +  30H''—  Al^OHf,  or  insoluble  aluminium 
hydroxide  radicals,  and  zH'  +  SO/'  or  sulphuric  acid  ions.  In  an 
aluminium  sulphate  solution  the  aluminium  hydroxide  is  kept  in 
solution  by  the  free  sulphuuc  acid.  Should,  however,  the  sulphuric 
acid  by  any  means  be  takeii  away,  or  be  bound  by  an  alkalis  such 
as  may  be  derived  from  the  glass  bottle  in  which  the  alnm  solution 
is  kept,  or  the  ammonia  of  the  air,  then  the  insoluble  aluminium 
hydroxide  is  thrown  down*. 

Haematein  does  not  react  in  any  way  with  aluminium  sulphate  or 
its  ions  Al"*  and  SO/',  but  it  combines  at  once  with  the  hydroxide 
Al(OH),  to  form  the  insoluble  haematein  lake.  The  histologists 
of  old  were  ofton  annoyed  by  finding  haematoxylin  solutions  had 
deteriorated,  owing  to  the  formation  of  this  lake.  This  difficulty  was 
overcome  by  Ebrlich,  who  introduced  an  acid  solution  of  haematoxylin 
(p.  239),  in  which  the  formation  of  the  insoluble  lake  is  impossible. 

What  happens  when  using  for  histological  purposes  an  aluminium 
sulphate  +  haematein  solution  is  difficult  to  say,  but  the  following 
suggestions  may  be  made.  From  what  has  been  stated  above,  it 
follows  that  any  factor  tending  to  diminish  the  acid  reaction  of 
aluminium  sulphate  is  apt  to  lead  to  the  formation  of  the  insoluble 
basic  aluminium  oxide,  AI(0H)3.  There  are  present  in  the  nucleus, 
as  woll  as  in  the  cell,  more  or  less  strongly  basic  substances:  the 
protamina,  hisiones,  and  the  amido-acids  (see  p,  281)  with  which  the 
Bulphuric  acid  can  unite.  Such  a  union  would  of  necessity  lead  to 
the  formation  of  the  insoluble  aluminium  hydroxide,  with  which 
haematoxylin  forma  iiisolublo  lakes.  In  those  cases  where  acid 
fixatives  have  not  been  employed,  the  largo  amount  of  free  basic* 
salts  preseilt  in  the  tissues  leads  always  to  an  abundant  i:»recipitAtion 
of  aluminium   hydroxide    and   consequently   to   overstaining   with 

*  Aluminium  ivof'tatc,  Al(CjH50,)j,  in  wafer  undprgotis  elodrolytip  dis«ooiittioii 
into  alniiiinium  ionsniid  acet-ioaw,  Al""  +  C,Hj|Oj',  hut,  especially  on  heating,  is 
apt  to  form,  as  the  result  of  tiydrolytic  ehiini^es  a  ontpnund  witlj  IJu'  hydroxyl 
ions  of  watvr  A1,C,H,0,\,  +  hOH'- A1;C,HA)3— n!;OHi"-  This  las't  com- 
pound, tho  bnsic  aluminiuiii  acetnto,  ia  called  a  Imsio  salt,  aa  it  cinitains,  in 
addition  to  tlio  acid  iniiH  (in  this  cuac  the  itcvt-lons  C;H,Ojl,  also  the  baaio 
hj'droxyl  ions  OH'.  Aluminium  acetate,  when  substituted  for  alum  in  hnemft- 
tein  solutions,  dots  not  give  good  results,  probably  because  its  ac«t-ion  is  too 
feeble  to  act  on  tho  tissue. 

*  fia&ic,  in  tlio  a«n««  of  turning  rod  litmus  paper  blue. 
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latoin,  as  will   be  known  to  any  one  who  has  worked  with 
material  fixed  in  neutral  alcohol,  or  with  fresh  tissues. 

The  esiil:matii*n  I  have  offered  is  further  supported  l>y  the  fact 
that  the  nuclei,  wliich  contain  the  strongest  basic  radicals,  namely 
tho  histones,  stiJl  stain  in  very  acid  haematein-ahim  solutions,  long 
after  tho  less  basic  cell-plasm  lias  ceased  to  show  any  affinity  for 
this  dye. 

A.  The  haematoxylin  and  haematein  staining  methods.  (For 
the  hocmatoin-aluni  solutions  see  p.  237.) 

The  method  of  using  haematoxylin  for  the  micro-chemical 
detection  of  iron  is  j^^ven  on  p.  292. 

J^  Bovhnnr.  in  1865  \  has  really  done  already  everything  that 
theoTOtically  can  lie  done  with  haematoxylin.  lie  mordanted  sec- 
tions in  copper  sulphate  and  tlien  stained  them  in  haematoxylin 
solutions;  he  was  the  first  to  combine  haomatoxylin  with  alum 
solutions,  and  having  impregnated  tissues  primarily  w^ith  haema- 
toxylin ho  produced,  by  after-treatment  with  chrome-solutions,  the 
black  chrome-lake. 

Ilistologists  are,  as  a  rule,  in  the  habit  of  using  with  iron  and 
chrome-!ak<^s  haematoxylin  instead  of  haematein.  There  is  a  certain 
justitication  for  this  procedure,  as  P.-nul  Mayer"  has  shown  that 
haematoxylin  can  bo  oxidized  by  solutions  which  contain  iron,  oven 
beyond  the  stage  of  baomatein,  and  later  (p.  240)  it  will  be  shown 
that  Harris  uses  mercuric  oxide  for  the  conversion  of  haf-matoiylin 
into  haematein.  Still  M.  Heidenhain  after  mordanting  with  iron- 
alum  solutions  gets  the  best  results  with  old  haematoxylin,  which 
I  means  with  haematein,  and  I  personally  have  substituted  haematein 
for  haematoxylin  after  mordanting  in  iron-salts. 
I.  The  iron>Lakes.  Benda^  in  1886  \  fixed  tissues  in  saturated 
|iiqri0  acid,  washed  theni  in  water,  iml^edded  in  jxiraffin  in  prefer- 
IttiMk  to  celloidin,  mordanted  the  sections  in  saturated  iron-alum 
(p.  225I,  washed  in  repeated  changes  of  water :  stained  in  1  i>cv  cent, 
baem.ttoxylin  for  ten  minutes ;    ditTei-entiated   for  five  minutes  in 

II :  2,000  chromic  acid  ;  washed  and  mounted  in  the  usual  way  in 
balsam. 
Martin  Ih'idenhaht,  1892 ^  mordanted  sublimate  sections  in  a 
2J  per  cent,  iron-alum  solution,  then  stained  in  a  i  i>er  cent,  haema- 
toxylin solution,  and  finally  differentiated  in  the  same  solution  which 
he  used  for  mordanting,  namely,  the  2^  per  cent,  iron-alum.  This 
principle  of  dissolving  a  precipitate  in  an  excess  of  the  mordanting 
solution  is  used  also  by  professional  dyers. 

Heidenhain's  method  being  esi)ecially  applicable  for  the  demon- 
*  Btration  of  oentrosomes,  the  following  account  is  taken  from  bia 
later  pap>  r  published  in  1896  \ 

'  Bo«hm«r  :  AfnUiehs*  InUm^mM.  /.  Aiyvm,  la,  Jiilirg. 

*  P.  M«y«r:  Anat.  Am.  18.  318  (18971. 

*  Bcnda  :  Arch,/.  Anat.  m.  }'hysioloy\e,  jiKytici.  Ablh,  564  1  18861. 

*  M.  noid«nhaiu  :  '  Ubcr  Kern  u.  I'rotopliiHin*,"  KtiHk«r'a  t'uttehri/t  (189a  . 

*  M.  lieidenhaiQ :  ZeiUeh./.  tcin.  ilUrr.  18,  186-99  (1896). 
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By  thia  method,  in  addition  to  the  centrosomes,  the  following 
elements  are  also  well  shown,  namely,  the  dim  segments  in  striped 
muscle,  the  cement -substance  (Kittleiste)  between  epithelial  cells, 
nuclear  chromatin  segments^  ^ymogen  granules  in  the  pancreas^ 
eosinophilous  granules  in  leucocytes,  and'  other  structures. 

Paraffin  sections  of  sublimate  or  sulilimate-osmium  material  3-6  ft 
thick  are  fixed  to  slides  by  the  water  method  (see  p.  372)  anti  are 
dried  on  Boi-n's  warm  stage ;  the  paraffin  is  removed  with  xylol,  the 
latter  with  absolute  alcohol,  and  this  with  di«tilled  water.  The  slide 
is  then  placed  vertically  for  three  to  twelve  hours  in  a  vessel  con- 
taining a  2^  per  cent,  iron-alum  solution  ;  it  is  carefully  washed 
with  a  large  amount  of  distilled  water  and  is  then  placed  in  a  ripened 
haematoxylin  solution,  i.  e.  one  containing  haematein,  for  twenty- 
four  io  thirty-six  hours. 

The  haematoxylin  solution  is  made  according  to  Weigert*s  formula: 
Dissolve  one  gram  of  haematoxylin  in  10  cc,  of  alcohol  and 
add  90  cc.  of  water.  After  one  month  this  mixture  is  ready, 
and  requires  before  use  to  be  diluted  with  an  equal  bulk  of  water 
(I  use  a  I  in  500  haem.atein  solution).  The  sections  are,  therefore, 
after  mordanting  stained  in  a  half  per  cent,  haematoxylin  solution, 
containing  haematein.  This  solution  may  bo  used  time  after  time, 
provided  it  is  occasionally  filtered.  It  seems  that  traces  of  iron-alum 
by  finding  their  way  into  the  haematoxylin  solution  improve  its 
staining  properties  (M,  Heidenhain). 

To  differentiate  sections  place  a  large  vessel  containing  at  least  one 
litre  of  ordinary  tap-water  beside  a  microscope,  and  determine  the 
extent  of  differentiation  preferably  by  means  of  a  D'  water  immersion 
lens  of  Zeiss.  When  the  centrosorae^s  stand  out  clearly,  wasli  the 
slide  for  10-15  minutes  in  running  water ;  dehydrate  and  clear  in 
xylol  (under  no  conditions  should  such  oxidizing  media  as  oils  of 
clove,  bergamot,  origanum,  or  turpentine  be  used). 

I  find  that  preparations  keep  for  at  least  six  years  quite  unaltered 
in  Price's  pure  neutral  glycerin,  a  medium  which,  because  of  its 
lower  refractive  index,  I  prefer  to  neutral  balsam.  To  stain  the 
cytoplasm  of  sections,  should  this  be  necessaiy,  Heidenhain  uses 
a  slightly  acid  solution  of  rubiu,  after  differentiating  the  haema* 
toxylin. 

If  the  effect  of  the  haematoxylin  on  the  centrosomes  is  to  be 
accentuated,  M.  Heidenhain  employs  the  principle  of  preoccuj^ation. 
by  staining  sections  first  in  acid  anilin  dyes,  to  let  the  latter  pre- 
occupy all  the  different  cell  structures  with  the  exception  of  the 
centrosomes.  When  now  ttio  sections  are  mordanted,  the  iron-alum 
is  supposed  to  unite  more  firmly  with  the  centrosomes  than  with  the 
rest  of  the  cell-plasm,  because  the  latter  has  its  affinities  already 
partly  satisfied  by  the  acid  anilin  dyes. 

To  this  end  sections  are  first  stained  either  in  Bordeaux  red  or  in 
anilin-blue,  and  subsequently  in  haematoxylin,  in  exactly  the  same 
manner  as  descrilxHl  above.  Benda's  1893  method  gives  results 
midistijiguishable  from  M.  Heidenliain's,  according  to  Lee,  who 
stained  consecutive  sections    in  the  Bame    haematoxylin   solution 
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after  having  mordanted  them  in  iron-alum  according  to  the  method 
given  ftbove,  or  in  ferric  sulphate  according  to  Benda,  whose  method 
is  as  follows :  Sections  are  placed  for  24  hours  in  liquor  ferri 
aulfurici  oxydati  Pharm,  Germ,  (.see  p.  225),  i  part,  and  water  2  part^ 
(Paul  Mayer  recommends  a  10  per  cent,  solution  of  the  ferric 
sulphate) ;  thoy  are  then  wa.she<l  lirst  in  distilled  water  and  subse- 
quently with  ordinary  water,  and  are  now  pdaced  in  a  i  per  cent. 
watei-y  solution  of  haematoxylin  till  black  ;  after  wnshinp,  differ- 
entiation is  brought  about  by  treatment  with  30  per  cent,  acetic  acid, 
which  acts  quickly,  or  in  dilute  acetic  acid,  or  in  tlie  liquor  ferri 
Bulfurici  oxydati  diluted  20  times  with  water. 

Eiscn  '  also  greatly  prefers  Benda's  mothotl  to  Ileidenhain's.  and 
warns  against  putting  sections  into  the  iroa-alum  mordant  before 
the  alcohol  has  been  completely  removed,  as  otherwise  a  precipitate 
of  the  iron  salt  is  formed  over  the  sections. 

Biitschli^  mordants  in  iron  acetate,  stains  in  a  half  per  cent, 
haematoxylin,  and  docs  not  differentiate,  and  thus  obtains  a  dense 
colouration  of  the  cytoplasm. 

2,  Chrome  lakes.  The  chemistry  of  chrome-compounds  is  given 
on  p.  75,  and  the  action  of  niordant-i  on  p.  224. 

The  oldest  method,  that  of  Bohmer,  in  1 865,  is  of  historical  interest, 
as  it  established  the  fact  that  a  ti.ssue  may  bo  lirst  impregnated  with 
a  dye  such  as  haematoxylin  and  then  b«  mordanted  subsequently. 
On  the  same  principle  depend  the  methods  of  IL  Heidenhain  in 
j885-6»,  Apathy*,  and  Pktner*. 

R.  llcidctihain  in  his  second  paper  advocates  fixing  tissues  prefer- 
ably in  alcohol  or  in  picric  acid  ;  leaving  them  for  12  to  24  hours  in 
a  one-third  per  cent,  solution  of  haematoxylin  in  distilled  water  ; 
transferring  the  tissues  next  for  the  same  length  of  time  into  a  half 
per  cent  potassium  chromate  solution,  as  this  gives  a  sharper  nuclear 
staining  than  the  bichromate  (the  chromate  solution  should  be 
changed  several  times  in  the  course  of  the  day),  and  tinally  washing 
out  the  chromate  with  water. 

In  all  the  following  methods  the  tissues  are  mordanted  first  and 
ined  sub8e<]uently. 

C.  Weigert  in  1884*  published  his  way  of  staining  medullated 
nerves,  a  method  which  allowed  enormous  progress  to  be  made  in 
the  deciphering  of  the  brain  and  the  cord.  The  principle  of  this 
method  is  described  on  p.  313,  while  here  only  the  process  of  staining 

employed  by  myself  will  be  given. 

Method  of  fixing  sections  to  tlie  slide.    Tissues  well  hardened  in 

tiller's  fluid  for  3  to  4  months,  or  for  4  to  5  days  in  one  of  Weigert's 
•olutions  (see  p.  236),  are  imbedded  in  paraffin  and  are  cut  into  sectioiia 

'  0tl8t.ir  Ei»en  :  Zeiltck./.  wits.  Mikr.  14,  aoo  1T897'. 

•  B&t«chli :   UnUrt,  mOer.  SeMum0,  Lui{>^ig,  80  (189a). 

•  R.  HrtJonhain  :  AnK/.  mikr.  Arutt.  26.  468  (1885),  and  27,  383  (1886). 

•  Afvathy :  MiUh.  a.  d,  Zool.  Stat,  xu  Neapel,  7,  744  ^1887) ;  Zfitach.  f.  vcisi.  M\kr. 
5.  47  riB88),  aud  also  ibid.,  6.  170  1.1B89). 

•  i'Utiicr  :  Arih./,  mtkr.  AnaL  33,  136  (1889). 

•  W«ig«rt:  f\>riKhr.  d.  Med,  2  (,1884),  190,  and  ZtiUch,  A  wita.  Mikr,  1,  291 
(1884). 
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lo  to  20  (JL  in  thickness.  The  sections  are  floated  out  on  warm 
5  per  cent.  pobLssium  bichromate  solution,  albuminized  slides  ^  ai'e 
immei-sed  in  the  bichromate  solution,  and  the  sections  arranged  in 
order  are  jdaced  without  delay  on  a  warm  stove  till  dry.  Simulta- 
neous exposure  to  ]>right  li^ht  iixes  the  sections  even  more  firmly. 

Method  of  stuin'mg.  After  removing  the  paraffin  with  xylol,  and 
the  latter  \vith  alcohol,  the  slides  are  washed  gently  for  about  half 
a  minute  in  tap-water  and  are  then  transferred  to  Kultschitzky's  acid 
haeniatoxyhn,  consisting  of  a  one  per  cent  solution  of  haematoxylin 
in  two  per  cent.  ac«tic  acid,  made  by  dissolving  the  necessary  quantity 
of  haematoxylin  in  glacial  acetic  acid  and  then  adding  the  water. — 
In  this  solution  the  sections  are  left  in  the  incubator  (35°  C.)  till  the 
next  day,  whfu  they  apjiear  quite  black.  After  washing  off  the 
haematoxylin  with  ordinary  tap-water,  the  slides  are  placed  in 
a  (juartor  jkt  cent,  sodium  carbonate  solution  till  they  turn  a  deep 
blue  colour.     Then  they  are  differentiated  as  follows. 

The  method  of  different iat ion  comprises  two  operations  : 

Treatment  with  (a)  potassium  permanganate  and  {b}  with  sulphurous 
acid. 

(a)  Following  the  plan  of  PaP,  the  sections  are  left  for  10  to  30 
seconds  in  a  quarter  per  cent,  potassium  permanganate  solution, 
which  acts  probably  in  two  ways,  namely,  by  oxidizing  the  compounds 
which  the  tissues  had  formed  with  the  chrome  salts,  and  thus 
liberating  chromic  acid,  and  perhaps,  secondly,  by  oxidizing,  along 
with  the  chromic  acid,  the  iiaomatoxylin  and  haematein  into  un- 
coloured  higher  oxides.  This  action  of  tho  j^ermanganate,  for  physical 
reasons,  will  be  most  marked  in  the  comparatively  loose  grey  matter 
and  will  be  delayed  in  the  dense  myelinated  nerves.  (For  very  fine 
fibres  I  find  a  one-tenth  per  cent,  jvermanganate  solution  to  he 
preferable  to  a  quarter  per  cent.)  It  is  as  a  rule  advisable  to  leave 
the  sections  in  the  potassium  permanganate  solution  till  a  difference 
between  the  grey  and  the  whito  matter  can  just  be  made  out,  and 
then  at  once  to  treat  the  slide  as  follows : 

(&)  According  to  the  fineness  of  the  nerve  fibres  and  the  thicknesa, 
of  the  sectiun  it  is  best  to  make  from  the  ordinary  saturated  solution  01 
sulphurous  acid,  which  contains  about  10  per  cent,  of  IISO,,,  dilute' 
solutions  containing  i,  2-5,  5  or  7-5  percent,  of  the  strong  commercial 
solution  and  to  transfer  the  sections  from  the  potassium  permanganate 
directly  into  the  sulphurous  acid,  when  the  yeUowish-brown  colour 
of  the  grey  matter  will  soon  be  changed  into  a  well  differentiated 
wdiite  or  colourless  tint.  Should  this  reaction  not  take  place  in  5 
minutes^  treat  sections  again  for  5  seconds  with  tho  one-tenth  or 
quarter  percent,  perniangtuiate  solution  and  transfer  to  the  sulphurous 
acid  once  more.  Occasiuually  the  best  results  are  obtained  by 
repeatedly  moving  tho  slides  from  the  permanganate  to  the  sulphurous 
acid,  or  leaving  sections  for  30  to  60  minutes  in  the  sulphurous  acid, 
when  tho  yellow  colour  gradually  fades  owing  to  the  sulphurous  acid 
differentiating  on   its  own  account,     Tho  interaction   between   tho 

'  Covered  with  n  i  :  150  while  of  egg  solution,  and  allowed  to  become  dry. 
'  Zeitich,/.  mst.  JUikr,  4,  92  (1687). 
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reduced  perman^anato  and  tlie  sulphurous  acid  is  according  to  the 
formula  MnO^  +  SO,  =  Mri80^.  Thfl  manganese  sulphate  being  colour- 
less and  readily  sohible,  is  lemovetl  I'y  washing  the  sections  in  water. 
The  idea  of  uaing  fiulj>hurous  ai;id  directly,  instead  of  emploj'ing 
Pal's  decolourizing  fluid  (oxalic  acid  1  grm.,  pohissium  sulphate  i  grm., 
and  water  200  cc.l,  occurred  to  Bruce,  when  he  read  Pal's  account  in 
1886.  and  since  then  he  has  u-^d  it  for  economy's  sake.  Many  years 
later  I  fell  on  the  same  plan  for  an  ©ntiiely  difibrent  reason,  namely, 
the  Oxford  water  is  very  rich  in  lime-salts,  an<l  in  consotjuence  insoluble 
oxalate  of  lime  crystals  are  deposited,  if  any  but  distilled  water  be 
employed.  Although  for  final  washings  pure  water  should  always  be 
used,  it  is  not  necessary  to  do  so  for  the  pndiniinaiy  rinsings. 

Whenever  differentiation  has  gone  so  far  that  the  grey  substance 
is  colourless,  the  slides  are  transferrt<d  to  ordinary  water ;  are  rinsed 
to  put  a  stop  to  the  action  of  the  aciJ,  and  the  sections  are  turned 
blue  by  adding  a  few  drops  of  a  i  per  cent,  sodium  or  lithium 
carbonate  solution  to  the  washing  water.  Counterstaining  with  red 
acid  dyes,  such  as  eosin  or  Bordeaux  red  BX,  is  now  still  possible 
and  occasionally  desirable.  The  sections  are  mounted  finally  in 
neutral  balsam  in  the  usual  way. 

Bcnda  in  1900  ',  adopting  Weigert's  principle  of  first  fixing  in 
formaldehyde  and  subsequently  mordanting,  proceeds  thus :  Tissues 
are  fixed  in  10  to  25  per  cent,  formol  (formalin  of  Schering)  and 
subsequently  mordanted  in  chromic  acid,  commencing  with  a  one- 
third  per  cent,  solution  and  gradually  increasing  the  strength  to  one- 
half  and  two-thirds.  After  washing,  the  tissue  is  taken  through 
paraffin,  and  is  stained  either  simply  in  a  watery  solution  of  haema- 
toxylin,  or  by  the  sodium  alizarin  sulphate  method  given  on  p.  243. 

3.   Copper  lakes  :  these  vrc^ic  first  used  by  Btthmer  in  1865. 

Wc'ujcrt,  in  1885  '\  showed  that  belter  effects  are  obtainable  when 
staining  medullated  nerve  fibres  by  his  method,  if  bichromate 
material,  after  imbedding  in  celloidin,  is  mordanted  in  an  incu- 
bator  for  one  to  two  days  in  a  half-saturated  solution  of  n<  utral 
acetate  of  copper.  Weigert  uses  for  staining  a  slightly  alkaline 
solution  of  haematoxylin  (haematoxyliji  1  grm.,  alcohol  10  cc., 
water  90  cc,  saturated  lithium  carbonate  solution  i  cc).  while  Kult- 
schitzky ',  combining  the  mordanting  with  the  fixing  by  placing  tissues 
into  his  copper  bichromate  alcohol  (see  p.  94),  subsequently  stains  the 
medullary  sheaths  in  acid  haematoxylin  (haematoxylin  2  grams,  2  i>er 
cent,  acetic  acid  100  cc). 

^VoUers*  combines  in  his  method  for  demonstrating  axis-cylinders 
and  nerve-oells  by  means  of  haematoxylin,  four  mordants,  namely 
chrome,copper,  vanadium, and  aluminium.  He  proceeds  thus:  Tissues 

•  C.  B«nda :  *  Obor  A.  B*u  n.  oinlgie  pathoL  Ver&nd.  d.  tnenschl.  Hypopliyris 
ecrobri,'  i'efh.  d.  pht/iM.  Gtttt^Kh  ,  Hcrlin  (1899-1900),  February  1900,  and 
'  Krfalirungtin  U.  d.  NeurogliufarL.ang  u.  eino  uouo  Faxbuugiiiut)tliod«,'  A'rurol. 
Cmtralbi,  1.19001,  No.  J7. 

»  Wogjwrt  ;  ZrittcA./.  wim.  itikr.  %  399  (188$). 

'  KullMhitzkj  :  XhoI.  Ah*,  i,  903  1^1089),  nud  6,  5r9  (1890% 

*  WolUra  :  Ztitacd./.  toiu.  Mikr.  7,  470  (1891). 
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fixed  in  Kultschitzky's  fluid  (see  p.  94)  for  12  to  24  hours  in  the 
dark,  are  thmi  transferrer!  to  96  per  cent,  alcohol,  alao  in  tli©  dark,  for 
12  to  24  hours  and  are  taken  throuj?h  the  celloidin  process. 

The  celloidin  sections,  5  to  10  jti  thick,  are  mordanted  for  24  hours 
in  a  mixture  of 


10  per  ceiif.  vnnadiiun  chlorotum 
8  por  cent,  alnniinium  .icetieum 


3  parts 
8      „ 


They  are  washed  for  10  minutes  in  water ;  stained  for  24  hours  in 
ftn  incubator  in  Kultacliitzky's  haematoxylin  (haeraatoxylin  2  grms,, 
two  i>Gr  cent,  acetic  acid  100  cc.)  ;  differentiated  in  onedialf  per  cent, 
hydi'ochloric  acid  in  80  j>er  cent,  spirit  till  the  medullary  sheaths  havo 
lost  all  colour  ;  the  acid  is  removed  with  80  per  cent,  alcohol ;  a?id  the 
sections  are  finally  cleared  in  origanum  oil,  and  mounted  in  balsam. 
Besult: — Nerve-cells,  axis-cylinders,  and  glia-cella  are  all  stained 
deeply. 

Weigert,  1895  \  for  demonstratinpr  the  neuroglia  gives  the  following 
directions :  Fix  portions  of  the  central  nervous  system  not  thicker  than 
5  mm.  for  4  days  in  10  per  cent,  formol.  Then  treat  for  4  to  5  days 
in  an  incubator  or  for  8  days  at  the  ordinary  temperature  with  a 
mordanting  solution  prepared  in  the  following  way : 

Dissolve  in  100  cc.  of  water  by  vigorous  boiling  in  an  enamel  vessel 
Chromo  alum  ,.,...        a.5  pnrts 
Thfn  ftdd  onlin.iry  iMietic  flcid'        •         •        5         n 
Lastly  neutral  copper  .acetate .         •         •        5         ». 

Wash  the  tissue  in  ninning  water,^  then  dehydrate  in  the  usual  way 
and  imbed  in  celloidin.  Sections  are  treated  for  ro  minutes  in 
a  watery  solution  of  one-third  i.>er  cent,  permanganate  of  potxish, 
and  then  are  washed  again. 

Keduce  sections  in  the  following  mixture  for  2  to  4  hours : 

IChrtJUiogen         .         5  party   1 
Fonnic  acid       .        5    „       [90  parts  (carefully  filtered) 
H.O   .        .        .     100    „       J 
B,     10  p.c.  soduim  iiulpliito      .         10  parts. 

Wash  sections  and  leave  them  overnight  (12  hours)  in  a.  well  filtered 
5  per  cent,  wateiy  chromogen  solution. 
To  stain  the  neuroglia,  proceed  thus : 

Wash  sections  twice.     Press  them  flat  on  a  slide  and  cover  with 

a  solution  of  methyl-violet,  made  by  saturating  75  por  cent,  alcohol 

with  it,  allowing  the  alcohol  to  cool  and  then  filtering  it. 

Take  of  this  methyl-violet  solution  100  parts 

Add  5  jier  cent,  wateiy  oxalic  acid  solution     5      „ 

Stain  for  some  minutes  and  tlien  differentiate  thus: 

(i)  Dr}' sections  with  cigarette  p.<iper.     {2)  Add  a  saturated  solution 

of  iodine  in  5  per  cent,  potassium  iodide.     (3)  Dry  sections  with 

cigarette  paper.     (4)  Differentiate  thoroughly  with  a  mixture  of  equal 

parts  of  xylol  and  aniJin  oil.     (5)  Kemove  the  anilin  oil  with  pure 

xylol.     (6]  Mount  in  Canada  balsam,     (7)  Expose  prepai*ations  for 

'  Weigflrt :  Abh.  Sunk.  Qes,  Frankfurt,  19,  195  (i895>. 

'  The  ordinnry  ncotic  acid  of  the  B.P.  with  a  specific  gra%ity  of  01447  =  33 
]>er  oent.  gUoial  acetic  acid. 
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some  days  to  dififuse  daylight.  Result:  Nerve-cells  and  larger  axis- 
cylinders  are  brown,  wliile  the  neuroglia,  filirin  and  nuclei  are  blue. 

Thf»  chromogen  serves  to  give  a  yellowish-brown  colour  to  the 
ground -substance  and  nerve-colls  of  the  section. 

Btsnda  ',  in  connexion  with  VVeigert's  neuroglia  method,  offers  the 
following  explanation  :  It  is  immaterial  what  stain  is  used  ultimately 
so  long  as  the  neuroglia  fibres  have  l>een  properly  fixed  to  begin  with. 
It  is  neoefiSAiy  io  use  (he  material  as  fresh  as  possible,  and  to  cut  it 
into  thin  slices  so  as  to  allow  ready  access  of  the  fixing  fluid.  Formal- 
dehyde is  best.  Instead  of  Weigert's  mordanting  fluid  pure  chromic 
acid  in  successive  strengths  of  ^,  ^  and  §  per  cent,  may  be  used,  but 
it  is  still  better  to  leave  tissues  for  2  days  in  an  incubator  in  Weigert'9 
chrome  alum  and  copper  acetate  mixture  and  then  to  ti-ansfer  them 
to  a  half  per  cent,  chromic  acid  solution  for  2  days  ;  to  wasli  the 
tisanes  for  i  to  2  days,  and  then  to  take  them  through  succesaive 
strengths  of  alcohol  and  to  imbed  in  paraflin.  Weigert  supposes  that, 
in  mordanting  tissues,  hi(;»hly  oxidized  motallic  compounds  are  formed 
which  it  is  necessary  to  reduce  Ijefore  the  staining  can  be  done 
adequately,  but  Benda  holds  that  Weigert's  method,  apart  from  the 
use  of  chromogen,  corresponds  in  every  particular  w^ith  Pal's  method 
of  different iatin^  medullated  nerve-fibres  which  have  been  stained  in 
liaomatoxylin  lakes  (p.  235 1.  In  this  method  the  essential  factor  is 
tho  process  of  oxidation  due  to  the  potassium  pei-manganate,  while 
the  sulphite  mixture  only  serves  to  remove  tho  brown  precipitated 
manganous  salts.  In  this  case  therofore.  as  in  Weigert's  original 
method  of  diflerentiattng  with  borax  forricyanide  and  in  M.  Hcidon- 
hain's  process  of  dijfferentiating  in  iron-alum,  we  are  dealing  essentially 
with  a  process  of  oxidation.  Benda  believes  that  the  process  of 
oxidation  serves  to  render  inactive  or  to  remove  from  certain  tissue 
constituents  those  metallic  salts,  particularly  the  chromates,  which 
were  used  in  fixing. 

Those  tissues,  which  retain  the  metallic  salts  after  a  certain  treat- 
ment, will  then  be  specially  brought  out,  as  the  metals  behave 
towards  the  stain  as  mordants.  (Benda's  alizaiin  sulphate  method 
for  neuroglia  fibres  is  given  on  p.  244.) 

B.  Staining  tvith  haemafein-alum  hthes. 

Ik  was  pointed  out  that  Btthmer,  in  1865,  first  advocated  the  use 
of  baematoxylin  in  combination  with  alum,  and  that  Paul  Mayer 
in  1891  showed  that  the  staining  principle  of  logwocnl  was  not 
haenuitosylin  at  all,  but  its  oxidation  pnuluct  haeniatcin  (see  p.  436,>. 
Haematein  solutions  may  be  classified  according  to  the  reaction  of 
the  solvent  as  'neutral'  or  acid;  as  alcoholic  (including  glycerin) 
or  watery,  and,  according  to  tho  relative  amount  of  haematein  and 
alum,  as  either  haematein-«lura  or  alum-haematein  stdutions. 

Neutral  solutions  have  a  great  tendency  to  stain  diflFusely,  and  are 

of  special  use  when  cytoplasmic  or  odl-structures  are  to  bo  studied, 

while  acid  solutions  (see  p.  239)  prevent  the  cytoplasmic  colouratioQ 

and  simultaneously  enhance  the  nuclear  reaction.     Neutral  solutions 

'  Benda :  NturA.  (kntralbL  17  (1900). 
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are  apt  to  deteriorate,  while  acid  solutions  display  much  greater 

keeping  qualities  (p.  193).  The  addition  of  glycprin  (and  other 
alcohols)  to  hanmatein  solutions  prodiiw^a  a  more  even  result,  because 
staining  does  not  take  place  so  tjuickly.  Further  advantages  are 
that,  when  dealing  with  sections,  the  dyo  <kM.'s  not  dry  so  rapidly, 
and  when  staining  in  bulk,  that  penefcrntian  is  ensured,  and  finally 
that  swelling  of  certain  cell  elements,  as  for  example  mucin,  maj' 
prevented,  at  least  in  part. 

Neutral  Hamiaiein  solulions. 

Paul  Mayer's  Fobmulae.' 


Eaemdlum 

Muchaematein, 

2iw-haemat«{nf 

(1891). 

watery. 

aicoholic. 

Hfleniatein 

Q-I 

oa 

o-a 

Glyeofin    .         .         *         . 

40 

Wuter        .... 

loo 

60 

Pota-.li  alum      .         .         , 

5 

Ahiininium  chlorido 

01 

O-X 

Alcnhtjl     .... 

(90  p  c.)  5 

(70  p.c.)  100 

Nitriu  acid 

a  drops 

Now  Mayer  leaves  out  the  alcohol,  and  makes  his  haemaluni  by 
rubbing  up  the  haeniatein  in  a  moriir  with  some  glycerin. 

By  cumparing  the  haemaluni  with  the  muc-hnematein  it  will  be 
seen  that  the  ratio  between  the  haematetn  and  aluminium  has  been 
inversed  in  these  two  solutions,  the  haemaluni  containing  more 
alum,  while  the  muc-haematein  contiiins  m<^ire  liar-mntein,  Mayer  has 
found  that  ixaemaluni  will  not  stain  mucus,  while  niuc-haematein 
does,  and  hence  the  name  it  has  received.  If,  however,  the 
haemalum  solution  is  greatly  diluted,  hydrolysis  will  l>e  greatly 
increased,  and  the  aluminium  hydroxide  will  tend  to  become  pre- 
cipitated more  readily,  or  if  the  suljihurie  acid  derived  from  the  alum 
is  carefully  neutralized,  then  again  AUOHlj  is  formed  in  larger 
quantities,  and  mucin  does  stain  ;  on  the  other  hand,  if  acid  is  added 
to  the  muc-haematein  .solution,  mucus  will  not  st-ain. 

The  watei-y  solution  statins  mucus  quickly,  but  it  is  best  to  use  the 
alcoholic  solution  to  prevent,  as  far  as  jjoasilile,  swelling  uf  the 
mucus.  If  imclei  are  tu  be  brought  out,  M.'iyBr  uses  first  pai'a- 
carmiu  (see  p.  2451,  and  afterwards  the  nnic-haematein.  Hansen' 
converts  tbo  haeuiatoxylin  into  liaemateiu  by  means  of  potassium 
permanganate,  and  obtains  a  solution  which,  although  it  soon  forms 
a  considerable  precipitate,  may  be  usfd  for  years  after  filtering.  It 
also  stains  mucus  if  used  diluted.  The  method  of  preparing  Hansen's 
haematuxylin  is  as  follows: 

Dii'Solvo  hat'inutoxylin      .         .        ,         i  grm. 
jn  aljartlutt'  nlr><)h)»l   .         .         .         .        ro  cc. 
Dissolve*  potnush  alum        ...       20  grnia. 
in  hot  diatillfd  water       .         ,         .     aoo  cc. 


B. 


»  Pflul  Mayer:  MiUhea.  a.  d.  Zool.  Stai.  au  A'fopt/,  10,  173  (1691) ;    Hid.  12.  303 
(1896^, 
*  ManMn  :  Zool.  Ans.  158  (1895). 
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Allow  B  to  cool  spontaneously,  and  filter  on  tbe  following  day. 

Add  the  filtvate  B  to  A  ;  pour  into  a  large  porcoluiii  dish  3  cc. 
of  a  8<^dution  of  potassium  permanganate,  saturated  at  15'^  C. ;  add 
gradually,  iinder  constant  alirring.  the  liaematoxylin-alum  solution  ; 
now  l>ring  the  solution  to  th«  Koiling-point  and  boil  for  a  half  to  one 
minute;  quickly  co"d  the  solution, and  when  cool,  filter  it  into  aclean 
bottle  with  a  well-fitting  stopper. 

Acid  haemafein  solutions. 

The  haematoxylin  solution  which  I  have  used  since  1892  is  a  modi- 
fication of  Ehilich's  acid  solution,  which  in  its  turn  is  modified  from 
Friodliinder's  formula : 


f 

Friedt&ndBt, 
i8Ba. 

Erhlkh,  1886. 

Mann,  1893. 

B*eniKtoxylm  . 
H«emnU>m 
▲baoluto  alcohol 
Glycerin    .         .        .         , 
Water        .... 
Potash  alum      . 
Glacial  acetic  acid     . 

a 

100 
100 
100 

a 

a 

100 
100 
100 

excess 

ID 

05  to  a 
100 
xoo 
100 

10 

10 

To  make  my  solution  I  proceed  thus :  The  haematein  is  placed  in 
a  flask,  the  glacial  acetic  acid  is  added,  and  the  haematein  dissolved 
either  in  the  acid  alone,  or  after  the  addition  of  25  cc.  of  alcohol. 
After  complete  solution  of  the  haematein,  the  glycerin  is  added, 
the  remains  of  the  glycerin  w&shed  out  with  75  cc.  of  alcohol, 
and  this  also  added.  Then  the  mixture  is  thoroughly  shaken. 
Fiindly  the  alum  (or  aluminium  sulphate  5  grms.)  is  dissolved  in  the 
water  by  means  of  gentle  heat,  and  while  hot  poured  into  tlje  rest  of 
the  mixture.  By  means  of  a  well-fitting  glass  stopper  the  access 
of  air  is  prevented.  A  solution  mado  in  iSgz,  compared  with  another 
quantity  24  hours  old,  and  prepared  recently,  only  shows  slightly 
less  cytoplasmic  staining  than  with  the  now  mixture ;  the  nuclei  are 
brought  out  equally  well  by  Ixith  solutions. 

This  haematein  solution  may  be  used  also  for  staining  in  bulk 
either  in  the  strength  given  alxne,  or  diluted  with  an  equal  quantity 
of  a  mixture  of  equal  .parts  of  alcohol,  glycerin  and  water  300  cc, 
and  glacial  acetic  acid  10  cc. 

The  advantages  over  the  old  formula  of  the  *  haematoxylin '  made 
vrith  haematein,  aro  that  the  staining  solution  is  at  once  ready  for  use, 
and  that  we  are  dealing  with  a  more  uniform  solution,  provided  the 
haematein  is  good;  Ebrlich's  solution  made  with  ha(^mutoxylin  gives 

»the  best  results  only  after  standing  for  six  months,  during  which 
time  the  haematoxylin  completely  changes  into  haematein.  Within 
tbe  last  year,  various  commercial  haemateins  have,  however,  not 
given  good  results,  owing  to  having  been,  in  all  prolwbility,  over- 
oxidized.  For  this  reason  I  have  tried  Harris's  plan  of  oxidizing 
with  mercuric  oxide,  and  can  thoroughly  recommend  his  methods, 
■    which  are  given  below,  but  I  take  the  additional  precaution  of  filtering 
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the  oxidl2e<l  solution  iuunediately  after  cooling,  as  mercuric  oxide 
is  slightly  soluVjIe  in  wat^r  with  a  faintly  alkaline  reaction. 
The  methods  of  Harris  for  ripening  haematoxylin  : 

(1)  ELrlicli's  acid  haematein  solution:  Dissolve 

CrystalHzed  baematoxjlin  ....  I  grm. 

in  attsulute  alcohol 10  co. 

and  potash  or  anuaonia  alum     .        .        .  ao  grma. 

in  liot  water         ..,,•.  aoo  cc. 

Mix  these  two  solutions,  add  0-5  prra.  of  red  or  yellow  mercuric 
oxide,  bring  to  the  boiling-point  and  cool  quickly  (filter).  Finally 
add  10  cc.  of  glacial  acetic  acid  to  the  above  quantity. 

(2)  Delafield's  haematein  solution : 

Dissolve  in  absolute  ulcoliol         ,         .         .         6  cc. 
crystalline  haematoxylin   .         .         .        .         i  grm. 
Add  saturated  watery  aolution  of  potash 

alum 100  cc. 

Boil  and  add  mercuric  acid        .        .        .        0-5  grm. 
Aa  toon  aa  colour  is  of  a  diH>p  purple  tint  cool  quickly,  filter,  and  add 


methyl-alcohol 
glycerin 


35  cc* 
as  cc 


(3>  Mayer's  haemacalcium  solution : 

A.  DisHolve  in  70  per  cent,  atoobol  .         .        .  150  oc. 
cryst-allino  hneniatnxylin    *         .         .        .  0-5  grm, 
aluminium  (^h)orido 0-5  grm. 

When  boiling  tidft  gradually  to  this  mixture 

racreuric  oiidx"   ......  i  grm.                      

Aa  soon  lis  the  aolution  ia  of  a  deep  purple  colour,  cool  quickly,  61t«r; 
and  add 

glacinl  acetic  acid        .....  2-5  cc. 

B.  Dissolve  in  70  per  cent,  alcohol         .        .  150  cc. 
calcium  chluriile          .         ....  25  grms. 
50  per  ctnt.  acoUe  acid        ....  85  cc. 

Beforo  uae  mix  equid  quantities  of  A  and  B. 

(4)  Mayer's  muc-haematoin : 

Dissolve  in  70  i>er  cent,  alcohol  .        .        loo  cc. 

haematoxylin o-a  grm. 

ahiuiniuin  chloride    .         .  .        .        o-i  gnu. 

Bring  gradually  to  the  boiling  point,  and  add  alowly  0-6  grra.  of  mercuric 
oxide.  Cool  quickly,  &n  soon  as  colour  of  solution  is  a  deep  purple,  filter  and 
add  one  drop  of  hydrochloric  acid. 

I  find  that  heating  the  solution  is  quite  unnecessary  if  yellow 
mercuric  hydi-oxide  be  used,  which  has  not  been  allowed  to  become 
dry  since  the  time  of  its  preparation.  A  ready  method  of  preparing 
mereuric  oxide  is  to  add  caustic  soda  to  a  solution  of  corrosive 
sublimate,  then  to  wash  the  precipitate  till  chlorine  ions  can  no 
longer  be  detect^^d  with  silver  nitrate,  and  finally  to  preserve  the 
hydroxide  in  distilled  water. 

Apathy's  haematein  method '.  Tissues  not  thicker  than  5  mm.  are 
fixed  nt  the  ordinaiy  temperature  in  the  following  fixatives:  saturated 
sublimate  in  05  per  cent,  salt  solution,  or  this  mixture  diluted  with 


'  ApAthy :  MUtheC.  a.  d.  ZocL  Station  aw  Ntopef  (1897),  p.  7(3. 


apAthy's  haematein  method 


040 


an  equal  Liilk  of  absolute  alcohol ;  sublimate-ac«tic  acid  \  picro- 
Hublimate  acetic  acid;  picric  acid  ;  Kleinenberg's  picro-sulphurtc  acid; 
Zenker's  solution,  or  my  osmium-sublimate  mixture.  Tissues  after 
fixation  may  be  preserved  in  90  per  cent,  spirit  for  years.    The  atatn- 

■  ing  solution  is  made  thus  :  One  grm.  of  haematoxylin  is  dissolved 

■  in  pure  non-a!knliiio  70  per  cent,  absolute  alcohol,  and  is  kept  in  a 

■  hard-glass  bottle,  not  quite  full,  for  six  to  eight  weeks  at  a  temperature 
I     of  16  to  20°  C-,  to  convert  the  haematoxylin  to  haematein, 

■  This  constitutes  solution  A. 
^^^  Solution  B  consists  of: 


Water 1000  parts 

Salicylic  acid  ....  i      » 

Glacinl  acetic  acid  .         .         ,  30     ,, 

Alum       .        .        .         .        ,  90     ,f 


To  make  up  the  final  staining  solution  mix  equal  paHs  of  A,  B  and 
pure  glycerin. 

To  stain  neuro-fibrils  proceed  thus :  Leave  tissues^  whether  small 
or  big,  for  at  least  forty-eight  hours  in  the  staining  solution ;  three 
days  as  a  rule  are  not  too  long,  but  do  not  stain  for  longer.  Now 
wash  out  the  stain  by  suspending  the  pieces  of  tissue  for  twenty-four 
hours  in  doubly  distilled  water. 

Differentiate  the  tissue  for  six,  eight,  sixteen  hours  or  longer,  with 
distilled  water,  which  removes  the  stain  from  everything  except  the 
nuclei  and  neuro-fibrils.  If  left  too  long  the  jfibrils  will  also  become 
decolourized. 

Stop  the  differentiation  by  putting  tissues  into  tap-water  containing 
lime  for  three  to  five  hours,  but  if  the  water  is  too  alkaline  the  fibrils 
become  green  and  fade. 

Imt>ed  thus:  Dehydrate  the  tissues  as  rapidly  as  possible  by 
suspending  them  in  a  high  column  of  pure  absolute  alcohol.  Eeplace 
the  alcohol  with  pure  chloroform  and  imbed  in  paraffin. 

Mount  the  sections  in  neutral  glycerin^  or  in  neutral  balsam* 

It  seems  to  be  the  great  ambition  of  some  microscopista  to  prepare 
haematein  solutions  which  will  only  stain  nuclei  ;  at  least  Paul  Mayer 
says  of  my  haematein  mixture  (p.  239)  containing  2  grms.  of  haematein 
in  300  cc.  of  solution,  that  it  stains  all  sorts  of  things;.  That  is 
exactly  what  I  mean  it  to  do,  for  it  is  not  the  object  of  histological 
reeeareh  to  stain  only  the  nuclei,  a  method  which  for  morphological 
studies,  I  grant,  may  be  useful. 

The  counter-staining  of  haematein  preparations  in  many  instances 
is  useful,  especially  for  sections  to  t»e  examined  under  low  magni* 
lications.^  The  counter-stains  I  generally  use  are  (iS  my  methyl- 
blue-eoain  mixture  (p.  2r6f  for  five  to  seven  minutes,  or  (a)  a  rubin 
and  orange  mixture  as  recommended  by  Squire  < rubin  B  i  grm. ,  orange 
6  g^rms..  spirit  60  cc.,  water  240  cc),  staining  for  five  to  ten  minutf^s,  or 
(3)  a  rubin  S  and  benzo-purpurin  stain,  which  I  saw  first  used  at  the 
Pathological  Laboratory  in  Oxford,  consisting  of  water  100.  saturated 
Watery  solution  of  rubin  S  jacid  fuchsin)  4,  and  10  parts  of  the  follow- 
ing benzo-purpurin  mixture:  benzo-purpurui  x  grm., absolute  alcohol 
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20  cc.,  diatilled  water  80  cc.  ;  or  {4)  a  half  to  r  per  cent,  solution  of 
Bismarck-brown  in  25  per  cent,  raethyl-aleohol ;  or  (5)  a  wat«iy  i  per 
cent,  solution  of  an  extract  of  the  coclxineiil  insect,  made  by  boiling 
the  latter  in  distilled  water  to  extract  the  colour,  and  inspissating 
the  filtered  deep-orange  solution  to  diyness.  A  crystal  of  thymol 
will  prevent  the  growth  of  organisms. 

van  Gieson's  Method. 

(a)  Fix  in  Muller'a  fluid,  alcohol  or  Zenker's  solution  (sublimate 
by  itself  is  not  to  be  recommended,  Burchardt),  (6)  overst-ain  the 
sections  slightly  in  some  neutral  htiematoxylin  (such  as  Delaiield's 
or  Mayer's  haemalum),  (r)  -wTish  tlioroughly  in  water,  {d\  differentiate 
for  two  and  a  half  to  five  minutes  in  a  half  per  cent,  picric  acid 
solution,  100  cc,  to  which  about  5  cc.  of  one  per  cent,  acid 
fuchain  have  been  added,  (c)  rinse  in  water  for  half  a  minute,  (/) 
quickly  take  through  alcohol,  clear  and  mount  in  balsam  (see  foot- 
note, p.  351). 

Brasilin  and  BrazUein. 

Instead  of  haematoxylin,  brazilin  may  be  used  in  exactly  the  same 
manner.  It  also  requires  time  to  become  converted  into  brazilein 
(p.  43 7 f,  but  may  readily  be  oxidized  by  Harris's  method,  given 
above  (p.  240). 

Flecltsig'  in  1889  recommended  the  use  of  bvazUin  under  the  name 
of  extract  of  the  Japanese  red-woo*l,  and  Rawitz  in  his  Leit/adetu 
p.  98  <  1895 1,  praises  brazilin  as  a  chromatin  stain.  Since  then, 
Eisen.  1897*,  ^"^  substituted  brazilin  for  haemutoxylin  in  Bohmer's 
haeinatoxylin,  and  Heimann  in  1898^  uses  bnizilin  instead  of  haema- 
toxyliu  in  Delafield's  solution.  Schaudinn*  combines  brazilin  with 
methylene-Mue  ;  Hickson'^  uses  bnvzilin  instead  of  haematoxylin  in 
M.  Ileidenhain's  iron-alum  haematoxylin  method,  hut  finds  according 
to  Wadsworth.  who  is  working  under  his  direction,  that  the  l>est 
results  are  obtained  by  using  alcoholic  sohrtions  throughout  tlie 
staining  process,  thus :  'The  sections  are  placed  in  a  solutiun  of 
iron-alum  {1  per  cent,  iron-alum  in  70  per  cent,  alcohol)  for  one  to 
three  hours,  and  then  are  placed,  after  slight  washing  in  70  per  cent. 
alcohol,  in  a  ^  per  cent,  solution  of  pure  brazilin  in  70  ].ier  cent. 
spirit.'  Brazilin  was  found  to  stain,  generally  speaking,  much  more 
slowly  than  iiaeniatoxyliu,  Paul  Mayer,  in  1901  *,  stales  that  after 
varied  experiments  during  several  years,  he  found  brazilin  to  stain 
similarly  to  haematoxylin  when  used  in  combimitiou  with  alum,  but 
not  nearly  iis  intenswly  as  haemalum,  or  carm-ahan,  and  that  for 
nuclear  staining  it  is  disj>ensable.  Mayer's  experiences  do  not  bear 
out  my  own,  for  I  find  brazilin  to  stain  most  intensely,  if  it  has  been 
converted  into  brazilein. 

'  Flechsig:  Arch. /.  Anat.  und  PhyaioL  537  ';«889j,  and  ZtilscJi.  f.  wisa.  Uikr.  7, 
71  (1890). 

*  Einon  :  Zeitsch.  f.  wU».  Uikr.  14,  198  (1697). 

*  Ileimann  :   Virrhow^a  Arch.  162,  3a8. 

*  Si'hiuailinn  :  Anhaii{i  Abh.  Aknd.  Berlin,  11  (i899\ 

*  Hickfion:  Mature,  62,  589,  and  Quarterly  Juurn.  0/ Micros.  Science,  469    1900). 

*  L»B  HJid  Mayer  :  Orundtiigt  d.  mikr.  Technik,  aas  (,1901). 
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Alisarin  (see  p.  399). 

Paul  Ehrlich '  in  1885  injected  rabbits  with  alizarin  S,  which  is 
a  bisulphite  compound  of  aljiuiriii  ^  to  investigate  thti  oxidizing  power 
of  different  organs,  but  to  Bernhard  Rawitz'  belongs  the  credit  of 
having  introduced  into  lustology  the  important  class  of  alizarin 
compounds.  He  was  led  to  experiment  with  these  dyes  after  having 
read  works  on  the  methods  in  vogue  with  professional  dyeiu 

liamtz  obtained  the  best  results*  with  i»araffin  sections  of  material 
which  had  been  fixed  in  Flemniing's  solution.  Such  sections  should 
be  mordanted  at  room-temperature  for  twenty-four  hovirs.  in  the 
cluomic  acid  mordant  UAI '  diluted  with  an  equal  quantity  of  distilled 
water.  The  sections  are  then  washed  in  distilled  water  till  they  have 
become  quite  colourless,  and  are  then  transferred  to  a  2-5  per  cent, 
suspension,  in  distilled  water,  of  the  paste  alizarin  I  (HOchat).  It  is 
abeolutely  necessary  to  add  to  Uie  alj/arin-bath  a  few  drops  of  i  per 
cent,  calcium  chloride  (Kidilbaum)^  oa  the  alizarin  develops  its  full 
staining  power  only  in  the  presence  of  calcium  salts.  In  the  alizarin- 
bath  sections  are  left  twenty-four  to  forty-eight  hours  at  a  temperature 
of  about  40°  C.  ;  they  are  then  wjished  for  thirty  to  sixty  miimtes  in 
distUled  water,  for  one  to  two  hours  hi  96  per  cent,  alcohol ;  cleared 
in  bergamot  oil  and  mounted  in  balsam,  or  they  are  directly  trans- 
ferred from  the  96  per  cent,  alcohol  into  Venetian  turj^ntine. 

Instead  of  aliziirin  I,  which  gives  a  Turkish-red  tint,  the  'alizarin- 
cyanin  KRIi  doppelt '  of  the  manufactory  at  Elberfeld  may  be  used 
thus:  Mordant  sections  (fixed  in  Flemmiug's  soluiiuu)  in  dilute 
liquor  ferri  sulfurici  oxydati  (i  ;  20  of  water,  p,  225)  for  twenty- 
four  hours  ;  wash  thoroughly  in  distilled  water  :  transfer  to  a  25  fter 
cent,  suspension  of  the  dye  in  water  after  having  added  a  few  drops 
of  I  per  cent,  calcium  acetate  solution  ;  stain  for  twenty-four  hours  at 
40*^  C.  ;  remove  excess  of  dye  by  prolonged  treatment  with  alcohol  and 
mount  in  the  usual  way  in  balsam. 

Benda  mordant*  tissues  fixed  in  formaldehyde  in  dilute  chromic 
acid,  and  remordants  sections  with  either  a  dilute  solution  of  the 
liquor  fern  sulfurici  oxydati  or  in  iron-alum,  washes  in  distille<l 
water,  and  stains  in  a  very  dilute  watery  solution  of  sodium  alizarin 
sulphate,  prepared  thus:  the  alizarin  salt  is  dissolved  in  70  per  cent, 
alcohol,  and  sufficient  of  the  latter  is  addetl  to  distilled  water  to  give  it 
an  aml>ercolour :  (i^Stain  in  this  solution  for  twenty-four  hours,  when 
the  preparations  turn  a  reddish-brown;  (2)  immerse  cover-ghuss.  to 
which  sections  are  attached,  in  distilled  water,  and  remove  sui>erfluou9 
water  with  cigarette  paper  ;  (3)  stain  in  01  per  cent,  watery  solution 
of  toluidiu-blue.  which  has  been  heated  up  in  a  watch-glass  ;  allow 
the  stain  to  cool ;  (4)  after  fifteen  minutes  take  the  cover-glasses  out 
of  the  stain  ;  (5I  rinse  in  i  j^r  cent,  acetic  acid  ;  (6)  dry  with  blotting- 
paper  ;  (7)  immerse  in  absolute  akohol ;  (8j  differentiate  in  creosote 

'  Ehrlich:  Dom  SautrttoffbtdMrfnit  dt*  OryairtiwuM,  Berllu  (1885^ 

*  Tho  rhttiniBtry  of  thi^  Alijutrin  dyea  im  Aiuanmm^  Ui  the  Appoudiz,  p.  39S. 
■  Hawitx:  AfuO.  Anx.  11,  394    i8^1. 

*  Of  thv  anilin  Uye  ti)uiuf«clui  jr  iu  UdohaL 
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for  about  ten  minutes,  controlling  under  the  microscope  ;  (g)  remove 
the  creosote  thoroughly  with  xylol,  and  (lo)  mount  in  balsam. 

In  this  method  sections  are  mordanted  three  times,  nam»?ly,  firstly 
in  chromic  acid,  secondly  in  iron-alum  for  the  alizarin  salt,  and 
thirdly,  in  sodium  alizarin  sulphate,  which  acta  as  a  mordant  for  the 
toluidin-hlue.  Benda  recommends  both  this  method  and  also  the  fol- 
lowing one  for  staining  neuroglia  fibres:  (i)  Prepare  sections  as  stated 
above,  and  stain  for  twenty-four  hours  in  yellow  wine-coloured  watery 
haematoxylin  solut;ion ;  (2)  differentiate  in  30  per  cent,  acetic  acid 
till  section  is  bluish-grey ;  {3)  rinse  in  distilled  water,  and  remove 
superfluous  water  witli  blotting-paper ;  (4)  stain  in  Ehrlich's  anilin* 
gentian  violet  (p.  212),  or  in  Weigert's  methyl-violet  oxalic  acid 
mixture  (p.  213),^  or  in  Benda's  fluid  (one  volume  of  a  saturated 
solution  of  crystal -violet  in  70  per  cent  alcohol,  one  voliune  of  a 
I  per  cent  solution  of  HCl  in  70  per  cent,  alcohol,  and  two  volumes 
Anilin  water');  (5)  rinse  and  remove  the  superfluous  water  with 
filter-paper  ;  (6)  immerse  in  Lugol's  solution  (see  p.  270)  j  (7)  rinse ; 
dry  "with  cig.arette  paper  ;  (8)  differentiate  in  anilin-xylol ;  (8j  remove 
anilin  completely  with  xylol ;  (10)  mount  in  balsam. 

Benda's  method  ia  easier  to  manage  than  the  original  method  of 
Kawitz,  as  the  sodium  alizarin  sulphate  is  ]wrfectly  soluble. 

Notwithstanding  the  disparaging  remarks  of  Bolles  Lee,  I  hold  the 
alizarin  method  to  be  one  of  the  very  host  methods  we  possess. 


Cormin.  Stains. 

The  beat  work  on  carmin  stains  is  tliat  of  Paul  Mayer,  who  has 
placed  the  making  up  of  staining  solutions  on  a  rational  basis,  and 
I  must  refer  the  reader  to  his  various  papers  for  full  information  on 
this  subject  ^. 

The  chemistry  of  carmin  is  discussed  on  p^  439,  while  the  principles 
underlying  carmin  staining  are  in  every  respect  similar  to  those  which 
have  already  Ix-en  given  for  haematoxylin  on  p,  229.  For  the  early 
history  of  carmin  staining  see  p.  igi. 

Carminic  acid  was  first  employed  by  Dimmock  in  1884',  who 
€})tained  a  diffuse  staining,  as  is  to  be  expected,  for  carminic  acid 
behaves  in  this  res^iect  like  any  other  acid  dye,  such  as  acid  fuchsin 
or  eosin. 

Carminic  acid  further  unites,  analogously  to  haematoxylin,  with  the 
salts  of  heavy  metals  such  as  iron,  it  being  quite  immaterial  whether 
the  latter  has  been  set  free  by  Macallum's  process  (see  p.  291),  or 
has  been  introduced  by  Benda's  method  (see  p.  231). 

Ctirmin  solutions,  with  the  exception  of  alum-carmin  and  picro* 
carmin,  are  best  used  for  staining;  tissues  in  bulk,  but  they  may  be 
used  for  sections,  provided  the  tissues  have  been  either  impregnated 

*  The  essential  Bl&ining  principle  in  gentian-violet  and  methyl- violet  is  tlie 

crystftl-violet  'p.  434^' 

*  Paul  Mnyer  :  MUiheiL  avs  d.  Zoot.  Stat,  m  Neapa,  10,  480  (189a),  and  ZrittcK  /. 
via.  Mikr.  16,  an  (1899). 

*  Diinmook  :  American  Natural,  18,  394  (1B84). 
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with  iron  salts,  or  that  the  iron  hasheen  liberated  in  the  cells,  and  also 
for  demonstrating  mucus  (s^e  p.  246)  and  elastic  fibres  (see  p.  447)- 

Picro-caruiin  should  only  l)e  used  for  fresh  tissues  and  never  for 
parafhn  sectiuus,  as  for  these  we  have  better  and  more  accurate 
stains  \ 

The  chuifcarmitt  soiuiiotis. 

A,  For  staining  in  bulk. 

Grenacher's  formulae' : 

{i)  Alum-citrmin:  Boil  for  ten  to  twenty  minutes  a  half  to  one 
gram  of  carmin  in  100  cc.  of  a  one  to  five  per  cent,  solution  of 
potash  or  ammonia  alum.  (I  use  a  half  per  cent,  canuin  in  &  2-5 
per  cent,  pot-aah  alum  solution  and  boil  for  thirty  minutes.) 

(2)  Akoholic  horajT'Cunttin  :  Dissolve  by  boiling  2-5  grams  of  carmin 
in  100  cc.  of  a  4  per  cent  watery  borax  solutiun.  Let  the  uuxture 
cool  and  add  100  cc.  of  70  per  cent.  alcohoL  Filter  on  the  next 
day*. 

P.  Mayer's  formulae  to  reidaoe  the  Grenadier  solutions*: 

(i)  Carnt-uhim:  Dissolve  crtrniin  acid  i  gram  and  potiish  alum  10 
grams  in  distilled  water  200  cc,  either  at  the  ordinary  temperature 
or  with  the  aid  of  gentle  heat ;  filter  and  add  an  antiseptic  (thymol 
crystals,  or  o-i  per  cent,  salicylic  acid,  or  0-5  per  cent,  eodlum  salicy- 
late}. 

(2)  Pnrn-carmin:  Dissolve  at  the  ordinary  temperature  or  by  the 
aid  of  heat  carminic  acid  I  gram,  aluminium  chloride  05  gram,  and 
calcium  chloride  4  grams  in  70  per  cent,  alcohol  100  cc.  Filter 
during  the  following  day. 

Method  of  using  these  solutions  and  their  advantages. 

Grenacher's  solutions  are  l^etter  than  Mayer's  as  regards  the 
brilliancy  of  staining,  while  they  are  worse  in  respect  of  their 
macerating  action.  Mayer's  solutions  have  further  a  greater  pene- 
trating power.  It  is  impossible  to  stain  thick  tissues  in  aluni-carmin 
equally,  but  small  embrj'os  give  good  results. 

If  there  be  a  carmin  solution  which  does  not  eome  under  the 
general  statoment  made  above,  namely  to  avoid  staining  sections 
with  carmin,  it  is  Grenacher's  alum-cariniu.  With  it  nuclei  stain 
violet,  wliile  bone,  muscle-fibres,  and  mucin  stain  reddish.  Ovei- 
st&ining,  with  the  exception  of  muscle,  need  not  be  feared. 

Cami-alum  stains  the  cell-plasm  slightly,  and  if  pure  nuclear 
staining  is  required  the  tissues  should  be  washed  in  a  one  per  cent, 
alum  solution,  and  the  latter  be  carefully  washed  out  before 
imWdding  in  puralfin.  If  alum  fails,  very  dilute  (i  :  1,000}  hydro- 
chloric acid  may  be  tried. 

In  tiorax -carmin,  tissues  have  to  remain  one  to  three  days  till  they 

^  Uani»<<n  and  hia  pupil  Brinkmonn  stain  firat  in  liAematoxylln  and  then  in 
Weigert'a  picro-carmin. 

'  Or«nAeh«r  :  Arch./,  mikr.  AtwL  16,  465  (1879). 

*  The  ftnt  to  advocat«  borax-carroin  viim  Thi^racli  in  1865  {Artk,f.  mOir,  AnaL 
J,  149  {1865)). 

*  P.  Miiyer  :  Mi*9uiL  ma  d.  ZoeL  Stat,  mt  Ifnptt,  10,  489  ,1891}. 
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Kent,  ovpr  a  am/ill  fldnie  fur  two 
aiinutts  till  niutture  louk* 
durk.    Thttti  add  : 


are  coloured  quite  uniformly,  both  the  nuclei  and  the  cell-plasdl 

being  stained.  To  remove  the  cannin  from  the  cell,  le^iving  only  the 
nuclei  stained,  it  is  necessary  to  transfer  the  tissues  dii-ectly  from  the 
stain  to  70  per  cent  alcohol,  to  every  100  cc.  of  which  fire  drops  of 
hydrochloric  acid  have  been  added. 

Soon  red  clouds  of  carmin  are  seen  to  leave  the  tissue,  and  if  the 
latter  cannot  be  suspended  in   the  acid  alcohol  it  is  necessary 
substitute  fresh  for  the  discoloured  alcohol,  and  to  repeat  this  at  1< 
five  times  during  the  first  day.     On  the  second  and  subsequent  days' 
the  alcohol  mtust  be  renewed  every  three  or  four   hours,  and   this 
pmeess  of  washing  continued,  lill  no  more  colour  is  extracted  from 
the  tissues. 

In  this  acid  alcohol  the  tissues  ultimately  acquire  a  transparent 
light-red  colour,  when  the  acid  must  Ije  removed  veiy  thoroughly 
with  neutral  alcohol,  and  the  tissue  be  treated  according  to  the  general 
plan  laid  down  for  paraffin  imbedding  on  p.  167. 

B.   For  staining  mucus. 

Maimer's  muci-cannin  {MHiheil.  am  d.  Zool.  Slat,  du  Neapel,  12,  317 

11896)). 

Carmin   .        .        .         .  i  grm. 

Aluminium  cliloridQ       .  0-5  grm. 

Distilled  water       .         .  a  cc. 

50  por  cent,  alcohol         ,  'oo  »> 

Filter  after  twenty-four  hours.  This  stock  solution  should  as  a  rule 
be  diluted  five  to  ten  times  with  50  or  70  per  cent,  alcohol.  Only 
the  nuclei  are  stained  if  the  carmin  has  been  good  '. 

EmtiWs  tnuci'Carmin  {Anat,  Anz.  15,  439  (1899)). 

Cnrmiti  ....  i  grm.  I  uruevap^rnttMl  on  a  umd-hath  to 
Aluminium  chloridu  .  a  grma.  >  dryness  and  the  n'NJdue  redis- 
50  p.c.  alcohol         .        .     100  cc         J      »oIvyd  in  50  p.c.  alcohol. 

According  to  Mayer  the  effect  of  evajxjrating  the  solution  is  to 
drive  oft'  the  hydrochloric  acid,  and  thus  to  render  the  solution  less 
acid.  He  suggests  that  the  same  end  may  be  attained  by  adding 
either  sodium  carbonate  or  aluminium  hydrate,  Rawitz's  method  is 
preferable  as  no  salts  ai^  formed. 

I  find  that  Mayer's  solution  stains  more  brightly,  hut  that  the 
method  of  Rawitz  stains  the  mucus  more  intensely,  and  the  rest 
scarcely  at  all.     Both  methods  are  good, 

C.  For  staining  fresh  tissues  and  gum  sections. 

Picro-carmin  is  a  combination  which  was  introduced  by  Ranvier, 
according  to  whom  it  is  an  ammonio-picro-carmuiate.  This,  however, 
seems  not  to  bo  the  case,  for  Mayer  holds  that  it  is  a  mixture  of 
ammonium  picrate,  ammonium  carminate,  free  ammonia,  a  little 
aluminium  and  lime. 

When  one  reads  the  literature  it  appears  that  very  few  people  know 
what  picro-carmin  is  suited  for  and  what  does  not  suit  it.  One  con- 
stantly reads  of  complaints  that  paraffin  sections  iloat  ofT  in  it:  but 


I  always  get  a  slight  colouration  of  the  oell-plasm. 
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why  p«opl<^  want  to  stain  parafEn  sections  in  picro-cannin,  I  do  not 
understanJ,  because  for  these  we  have  other  methods  by  which  the 
different  tissue  elements  can  be  stained  bath  selectively  and  more 
precisely. 

On  the  other  hand,  Mayer  advocates  that  picro-carniin  should  be 
given  up  altogether.  This  I  hold  to  be  a  mistake.  There  is  no 
reagent  which  is  capable  of  showing  fresh  tissues  to  gre-iter  advantage 
than  picro-cannin.  provided  one  is  workinj^  with  a  go<»d  solution. 

Itnnvicr's  jncro-canntn.  Kanvier's  directions  {Tmit'-  Uchn..  i^  »k]., 
lOo)  are  not  very  deHnite,  but  even  if  they  wore  deiinite  th»'y  c«ndd 
not  be  relied  upon,  as  a  great  d^al  dejieuds  cm  how  much  ainnionia  is 
given  off.  For  years  I  obtained  a  good  solution  by  adding  to  i.ooo 
cc.  of  a  warm  one  per  cent,  solution  of  picric  ucid,  lo  grins,  of 
carmin  dissolved  in  50  cc,  of  ammonia,  mixing  the  solutions  in 
bright  sunshine  in  the  summer,  and  leaving  the  mijiture  exposed, 
adding  from  time  to  time  distill'  d  water  to  prevent  diying  up.  and 
after  six  to  eight  weeks,  having  once  more  brought  up  the  total  bulk 
to  1,000  cc,  I  filtered  the  solution,  evaporated  it  to  500  cc,  filtered 
again  and  kept  tbe  filtrate.  Tlie  picro-carmin  I  made  last  year  for 
an  unknown  reason  wa.s  a  failure. 

Wfifjert's  method '  of  preparing  picro-carmin  is  a  very  satisfactory 
one:  Take  a  bottle  which  will  hold  250  cc.  ;  put  into  it  2  grms.  of 
powdered  carmin.  add  4  cc.  of  ammonia,  and  leave  in  the  well-stop- 
pered bottle  for  twenty-four  hours ;  now  add  200  cc.  of  a  saturated 
piciic  acid  solution  and  again  leave  for  twenty-four  hours,  shaking  oc- 
CHsionally  till  all  is  dissolved  that  will  dissolve.  To  make  this  picro- 
carmin  stain  quickly  and  precisely,  add  acetic  acid  in  amounts  just 
anfiicient  to  give  a  slight  permanent  precipitate  after  the  acid  added 
has  been  thoroughly  mixefl  with  the  picro-carmin  solution.  Again 
leave  for  one  day  and  then  filter.  The  cjirmin  will  show  a  fine 
precipitate  which  it  is  impossible  to  get  rid  of  by  filtration,  liul  which 
may  readily  bo  dis.solvod  by  the  addition  of  traces  of  ammonia,  the 
latter  in  no  way  affecting  the  precisonoss  in  staining  which  was 
induced  by  the  aildition  of  acetic  acid.  If  this  solution  stains  too 
yellow,  add  a  little  acetic  acid,  and  if  it  stains  too  retl,  add  traces  of 
ammonia.  Weigert  states  that  any  picro-carmin  which  does  not 
stain  properly  can  be  made  to  do  so  by  treatment  with  acetic  acid. 

Stobr*  takes  50  cc,  of  distilled  water,  ad«ls  5  cc.  of  ammonia 
and  then  mixes  with  this  ammoniaeal  water  i  grra.  of  beet  carmin, 
stirring  with  a  glasa  rod.  After  the  carmin  has  disjtolved  completely, 
50  cv.  of  a  saturated  picric  acid  solution  arc  added,  and  the  mixture  ia 
allowed  to  stand  for  two  days  in  a  wide  open  dish  and  is  then  filtered. 

Maker's  picro-magnesia  carmin.  All  picro-carmins  made  with  am- 
monia constantly  give  off  the  latter,  and  therefore  constant  solutions 
cannot  be  obt-ained.  To  overcome  this  difficulty  Mayer  has  devised 
bis  picro-magnesia  carmin.  To  pre[>are  it  proceed  thus  :  boil  for 
five  minutes  i  grm.  carmin  and  01  grm.  magnesium  oxide  in  50 
cc.  of  distilled  water,  filter  and  add  3  drops  of  formol.    This  forms 

•  C.  Weigirt :   Virritow'f  Arch.  C4,  983  (i88j). 

*  Stobr:  LehrbucM  der  JJistologi*,  8  (.1894). 
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the  magnesium  eaiininate  solution.  Then  prepare '  magnesium  picrate 
by  lieating  200  cc,  of  a  half  per  cent,  watery  solution  of  picric  aciil 
"with  0-25  grm«  of  magnesium  carbonate,  and  filtering  the  solution, 
or  by  disa<»lving  in  100  cc.  of  distilled  water  o-6  grm.  of  magnesium 
pic  rata 

To  ten  volumes  of  the  magnesium  picrate  solution  add  i  volume 
of  the  magnesium  carmiuale  solution.  The  growth  of  fungi  is 
prevented  by  the  addition  of  a  few  drops  of  formol. 

Theoretically  this  solution  is  correct  and  is  said  to  give  good  reenlte 
with^tissues  stained  in  bulk,  but  I  find  it  does  not  answer  for  fresh 
tissues,  as  the  staining  is  too  feeVjle. 

Van  Wijhc*s  picro-cartnln  ''■ :  Oxidized  carmin  (or  carmein),  preptared 
by  van  Wijhe's  method  (see  p.  439),  is  used  instead  of  ordinary 
carmin,  and  ammonium  picrate  is  made  by  dissolving  9  grms.  of 
picric  acid  in  100  cc,  of  96  per  cent,  alcohol,  then  adding  15  cc. 
of  ammonia  and  evaporating  to  dryness  at  60*^  C. 

To  make  the  piero-carmin  solution  dissolve  i  grm.  of  ammonium 
picrate  and  05  grm,  of  ammonium  carmeate  in  100  cc.  of  distilled 
water;  boil  this  solution  for  fifteen  minutes,  bring  up  the  bulk  with 
distilled  water,  and  after  cooling  filter  off  the  slight  precipitate. 

With  this  solution  the  nuclei  are  apt  to  stain  in  a  blotchy  manner, 
a  fault  which  is  readily  remedied  by  adding  5  to  10  cc.  of  a  cold 
saturated  picric  acid  solution  to  100  ce.  of  van  Wijhe's  picro-carmin. 
Osmo-pkro-carmin.  The  best  way  of  using  picro-carmin  is  to 
combine  it  with  osmium  tetroxide,  according  to  a  method  which 
I  learned  from  Stirling  many  years  ago,  and  which  he  believes  he 
has  seen  in  Eanvier's  labomtory. 

Take  any  good  picro-carmin,  for  example  that  of  van  Wijhe,  4 
parts,  and  i  per  cent,  osmium  tetroxide  i  part,  and  mix  these  just 
before  use.  The  tissues  are  simultaneously  fixed  and  stained.  The 
method  answera  well  even  with  strongly  ammoniacal  picro-carrains, 
to  which  1  have  not  the  same  objection  as  has  Mayer,  because  the  free 
alkali  helps  to  macerate  or  isolate  epithelial  cells  from  one  another 
and  to  fix  the  nucleo-histones.  These  being  basic  in  their  character, 
it  is  quite  likely  that  the  carminic  acid  stains  the  histone  radical  of 
the  nuclei. 

With  the  blood  of  amphibiana  the  oamo-picro-carrain  method  also 
gives  very  good  results,  especially  if  care  is  taken  to  keep  the  test- 
tube  with  the  blood  and  stain  moving  for  ten  minutes  to  prevent 
the  corpuscles  from  settling  till  they  are  fixed. 

Five  minutes  as  a  rule  will  lie  found  sufTtcient  for  fixing  tissues 
in  osmo-picro-carmin,  and  then  this  mixture  should  be  replaced  by 
ordinary  picro-carmin. 

The  secret  of  obtaining  good  picro-carmin  preparations  is  to 
know  that  staining  wUl  continue  for  months,  and  therefore  traces 
of  picro-carmin  should  always  he  left  in  the  tissues,  and  secondly, 

*  Hagneaium  picrate  may  be  obttined  from  Grttbler  and  Bollbom,  or 
Alexander  Frazer,  E^Jtnburgh. 

'  J,  W,  vun  Wijhe  :  Koninklykv  AkademU  can  Wetmschappcn  U  Am$terdam, 
February,  1900. 
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a  watery  mounting  inedium  must  l>e  used  which  does  not  set 
quickly,  for  exanijple  Farrniit's  solution  or  twenty  per  cent,  glycerin 
(Stohr).  With  a  good  picro-cArmin  solution  it  is  iinnecessnry  to 
employ  an  acid  mounting  medium,  but  frequently  the  addition 
of  acetic  acid  improves  the  staining.  StOhr  adds  for  this  reason 
to  the  glycerin  used  in  mounting  us  much  acetic  acid  as  will  adliere 
to  a  needle. 

Basic  Anilin-dyes. 

To  make  these  dyes  stain  the  cytoplasm  instead  of  the  nuclei, 
Haicitz  proceeds  as  follows:— Paraffin  sections  of  material  fixed  in 
Flemming's  solution  are  placed  for  twenty-four  hours  in  a  20  per 
cent,  tannin  solution  made  up  at  the  rui»m  temperature  ;  they  ai-e  then 
thoroughly  washed  in  distilled  water  and  transferred  to  a  i  per 
cent,  solution  of  tart^ir  emetic  for  two  to  three  hours  at  37"  C  ;  again 
thoroughlj'  washed  and  stained  for  twenty-four  houm  in  any  of  the 
ordinary  safranin  or  fuchsin  solutions.  Now  sections  are  either 
diiferentiuted  in  alcohol,  or  after  rinsing  iu  water  are  transferred 
to  2-5  per  cent,  tannin  for  twenty -four  hours,  Rawitz  ohtained 
good  results  with  the  testes  of  salamanders,  the  attraction  sphei^s 
and  centrosomes  being  brought  out  vividly.  I  had  an  opportunity 
of  seeing  his  preparations  in  1894  and  can  testify  to  the  value  of  the 
method. 

PCor*  demonstrates  neuro-fibrila  in  the  following  way.     Tissues 
)  fixed  for  two  to  three  days  in 
Smturatcd  aubliin&t«:  solution    .        .         .        .         30  or  15  pArta 
5   {>er  i-cnt.  chloro'pljititiuu«  acid  (platinum 
ciiloride)          .......—        15      ,, 
I  per  eetit.  osmium  tetroxide    .         .         ,         .         10        lo      ,, 
Glacial  aoetio  acid 5         5     m 

Paraffin  sections  5/t  thick  are  then  mordanted  for  eight  hours  in 
20  to  25  per  cent,   tannin,  are  washeil  in  distilled  water  and  are 
stained  either  with  indoin-  or  with  methylene-blue. 
A.  In  indoin-blue,  thus: 

rc'Diordjint  in  5  per  cent,  tartar  emetic  solution  for  5  to  10  minutea, 

yvtknh  10  minnt«», 

•tain  for  13  to  18  hour*  in  5  p^r  cent.  alum.  10  parta, 

5  per  cent,  induin-blue  BB,  ao  parta, 

111  methylene-blue,  thus: 

rvmonlant  in  a-5  p«r  cent,  iron-alum  for  5  to  to  minutes, 
waali  10  minuted, 

•tain  13  to  18  houn  in  a  p«r  ocnt.  phenol  solution,  15  parts, 
alkaline  methvK'ne-blup,  i  to  a  parta. 

The  methylene-blue  solution  is  prepared  thus  : 

Boil  for  5  minutea  on  a  water  bath, 

Methylenc-bluo         .        .  i  part 

Potaaiiium  carbonat«         .  t     „ 

Water        ....  100  parts 

'  Cos  :  OUir  d.  JlkrOUbrm  Bau  d.  SpiMolffaHgtUnulU  :  Festmhrift  henm«g«fteben 
▼.  d.  Ni«derUad.  Piyehiatr.  Verein  aullaalich  d.  asjihr.  BoHti<hens,  '•  Uerto- 
gealxMoh,  p.  aa^  {161316)  ;  Ztitteh./.  tout.  Mikr.  IS,  499,  500  i,t896;. 
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Prepare  the  staining  solutions  immediately  before  use.  After 
staining,  remnve  the  staining  solution  with  filter-paper;  differentiate 
in  a  niixturtt  of  xylol  ninety  pails,  and  absolute  alci>hol  sixty  parts ; 
clear  in  xylol  and  mount  in  Canada  balsam,  to  which  cedar-wood  oil 
may  be  added.  Sljould  the  sections  he  over-stained  they  must  be 
diffei-entiated  with  Unna's  alum-anilin  mixture. 

Typical  examples  of  mordanting  are.  further,  the  bacteriological 
methods  for  staining  the  fla^ella  of  bacteria. 

V.  H^rmenpt'tti  uses  three  tliiitinct  l>atbs,  wliich  he  calls  the  *  bain  fixa- 
teur,'  '  bain  sensibilisateur,'  and  'bain  r^diicteur.'  The.se  terms  are 
bad,  as  the  first  bath  containing  tannin  is,  in  reality,  the  mordant 
to  which  the  silver  of  the  second  Iwith  attaches  itself,  and  the  third 
bath,  also  containing  tannin,  produces  simply  a  coarse  precipitate 
with  the  silver  salt  remaining  from^  the  second  bath. 

(I J  Bain  fixateur: 

3  ptT  cent,  osmium  tetroxide         .         i  part 
10  to  25  per  cent,  tannla       .        .        a  parts 

(2)  Bain  sensibiEsateur : 

0-5  per  cent,  silver  nitrote. 

(3)  Bain  r^ducteur  et  renfonjateur: 

Tannin         ......  3  parts 

Crallicaoid    ......  S      m 

Fused  potniwiura  acetate      .        .        .  10     m 

Distitlcd  water    .....  350     ,, 

Place  a  thin  film  of  Sagellated  bacteria,  for  example  typhoid 
bacilli  from  a  young  agar  culture,  on  a  i>erfectly  clean  cover-glass, 
allow  it  to  diy  spontaneously,  lix  by  passing  eover-ghiss  twice 
through  a  flame ;  leave  cover-gla.ss  at  ordinary  room -temperature 
for  one  hour  in  solution  i^  or  cover  it  with  the  solution  1,  and  heat 
over  a  Bun  sen  burner,  till  steam  rises,  for  five  minutes  ;  wash  first 
with  distilled  water  and  then  with  absolute  alcohol  for  three  to 
four  minutes,  and  remove  the  alcohol  with  distilled  water.  Now 
cover  the  film  for  a  few  seconds  with  solution  2,  and  without 
washing  transfer  it  to  solution  3  for  a  few  seconds,  and  l>ack  into 
solution  2  till  the  preparation  turns  black  ;  wash  in  water,,  and  after 
having  allowed  the  film  to  dry  spontaneously,  mount  in  balsam. 

Pit  field's  method  modijicd  by  Richard  MuirK 

The  mordanting  aolution  consists  of: 

10  por  cent,  watery  BHyr*'d  tnunic  acid         .  10  cc. 

8aturnt«-(l  watory  corrosivo  »iubliiuate  .        .  5   ,, 

Saturated  watery  alutn  nulution    .         .         .  5   ,, 

Carbitl  fucliBiu '      ......  5   ,, 

After  mixing  these  ingredients  allow  the  preeipitate  which  forms 
to  deposit  or  centrifugaliae  it  off.  Decant  the  clear  solution,  which 
keeps  from  one  to  two  weeks. 

Stain  a  carefully  prepared  film  in  this  solution  as  follows: 

'  Robert  Muir  and  James  Ritchie  :  Manual  of  BncUridogy,  p.  116  (1899V 
'  Fuohain  i  grm.;  carbolic  oc-id,  5  grms.;  alcohol,  10  cc, ;  water,  100  oc. 
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'Pour  over  it  as  much  of  the  mordant  as  the  cover-glass  will  hold. 
Heat  gently  over  a.  llame  till  stearn  begins  tu  rise,  allow  to  stetim 
lor  about  a  niimitp,  and  then  wash  well  in  a  streiim  of  running 
livat^r  for  abont  two  minutps.  Then  dry  carefully  over  the  Ilamo, 
and  when  thoroughly  dry  pour  on  some  of  this  stain,  which  should 
not  be  more  than  two  or  three  days  old  when  used  : 


Sjiturjjiteil  wfitpry  alura  B'llutkin  .  10  oc. 

Saturated  aK'oholit;  siiJution  of  gentian-violet      a  ,, 


A  method  in  which  a  mordant  is  combined  in  some  unknown 
manner  with  the  dye  is  Weigert's  fuchsia  +  resorcin  -f  ferric  chloride 
n  (see  p.  445). 


rHeai  as  before,  allowing  to  steam  for  about  one  minute,  wash 
well  in  water,  dry  and  mount  in  a  drop  of  xylol-balsum.' 
mi 
In  all  the  above  methods  mordanting  was  used  to  bring  about 
a  staining  eiFoct,  and  specitic  effects  were  procured  by  subsequent 
differentiation  ;  but  mordants  may  also  be  used  to  prevent  tissues 
from  reacting  with  certain  reagents  as  they  otlierwise  would  do,  as 
for  example  in  Marchi's  method,  in  which  pifvious  treatment  with 
potassium  bichromate  pi-events  the  myelin  in  tho  medullary  slieaths 
of  healthy  nerves  fr<»ni  staining  with  osmium  tetroxide,  while  dts- 
generated  nerves  containing  oleic  acid  compounds  are  stained. 


I 


The  Marchl'Algeri  method. 

This  method  is  used  for  tracing  nerve-fibres,  the  medullary  sheaths 
of  which  have  undergone  a  fatty  degeneration.  It  was  hrst  pub- 
lished in  a  pajwr  under  the  conjoined  names  of  Marchi  and  Algeri 
in  1885'.  According  to  Marchi*  the  methud  '  v%'as  studied  by  him' 
while  working  in  Golgi's  laboratory. 

Mardii  proceeded  in  this  manner':  Tiasues  were  left  for  eight 
days  in  Mailers  fluid  ;  then  transferred  directly  to  Mliller's  fluid 
two  parts  and  i  per  cent-  osmium  tetroxide  one  part  and  left  for 
five  to  eight  days;  imbedded  in  celloidin  and  mounted  in  xylene 
(not  chloroform)  balsam,  or  in  pure  balsam  liquifitMi  by  heat. 

Weigert,  discussing  this  method*,  says  he  stated  in  1895  that 
tissues  might  first  lie  fixed  in  forma  Id  eh  yd  e,  but  that  according  to 
Heilbronner  formol  fixation  leads  also  to  normal  nervas  staining  ; 
while  on  the  other  hand  Luithlen  and  Sorgo  assert  that  the  aldehyde 
prevents  a  certain  nundter  of  degenerated  fibres  from  staining. 
Ciaglinski",  when  studying  degeneration  of  the  long  sensory  tract* 
in  the  grey  substance  of  the  spinal  cord,  found  it  necessary  to  first 

'  MArchi  ftnd  Algeri  :  *  Sullc  d«>generazioni  disouiidenti  coiiat'cutive  a  lesioni 
delU  oorlocciji  cerehrale,'  RirtMa  tptrimttUnle  difrmatria,  11  ^1885). 

*  Marrhi  :  Arth.  tbtl.  di  BioL  17,  191  (i89aV 

*  Quoted  from  Singer  uid  H(lnz«r:  Dmk»ehr.4rr  maOi.-natunc,  Klaamd.  k.  Akod. 
d.  Wits.  Wutn,  55. 

*  Anat.  UefU,  Merk«l  Q.  Bonnet,  7,  t  <  1897). 
'  Ciagliiuki :  ymtnL  GiMtralM.  773  C1B96,. 
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treat  tissues  with  Mtlller'a  solution.     He  placed  the  cord  directly 

into  the  mixture  of  Mailer's  fluid  and  osmium  tetroxide.  Pellizzi ' 
recommends  on  the  other  hand  to  fix  material  for  longer  than  eight 
days,  preferably  ten  days  in  Mtlller*s  fluid. 

HamUfon"  firet  had  the  idea  of  practising  Marchrs  method  on 
sections,  but  his  method  is  not  a  Marehi  method  at  all,  for  it  depends 
on  the  liberation  of  some  of  the  lecithin  which  was  pi'eviously  fixed 
by  potassium  bichromate.  (Compare  helovv  with  Haller's  method.) 
Langhif  and  Anderson^,  proceeding  on  the  same  principle,  recommend 
us  to  harden  tissues  up  to  one  year  in  Muller's  solution,  or  in  2  i>er 
cent,  potassium  bichromate  ;  then  to  soak  the  tissues  in  a  mixture 
of  gum  and  bicliromate  solution  ;  to  cut  sections  with  tho  freezing 
microtome,  and  after  having  washed  out  the  gum,  to  stain  the  sections 
in  Marchi's  osmium-bichromate  mixture. 

Bunch  *  overcomes  the  chief  difficulty  in  this  method,  namely  the 
slight  penetrating  power  of  the  osmium  tetroxide,  by  using  it  in 
combination  with  sodium  iodate,  NalO,.  The  tissues,  which  may  be 
I  cm.  thick,  after  hardening  in  MOller's  solution  are  placed  for  six 
to  seven  days  in  a  mixture  containing  osmium  tetroxide  i  grm., 
sodium  iodate  3  grms.  and  water  300  cc. 

StarlitJger^  has  specially  devised  an  apparatus  for  the  March!  pro- 
cess. It  allows  of  slices  of  uniform  thickness  being  cut  with 
absolute  ease  and  with  no  danger  of  damaging  the  brain.  It  is 
manufactured  by  Reichert  in  Vienna*. 

3I0U  and  Halliburton ',  having  made  a  special  study  of  ner>'e 
degeneration  in  the  cat,  find  that  after  division  nt?i*vea  tmdergo  no 
histological  change  during  the  first  fifty-three  hours,  but  after  seventy- 
two  hours  the  circular  outline  of  transvei"se  sections  of  normal  fibres 
has  become  crinkled  ;  ninety-two  hours  after  the  operation  the  myelin 
sheath  breaks  up  into  short  segments  of  irregular  length,  the  sheath 
stains  a  blackish  colour,  and  in  some  cases  the  whole  fibre  apjjears 
either  completely  or  partially  filled  with  a  blackish  material.  The 
degenerated  fatty  matter,  when  the  change  is  most  intense,  stains  just 
like  the  fat  cells  of  the  surrounding  adipose  tissue.  No  further 
marked  change  occurs  till  the  eighth  day,  when  the  degeneration 
shows  a  marked  increase.  From  the  tenth  to  the  thirteenth 
day  the  Marchi  reaction  is  most  marked.  After  twenty-seven  days 
there  is  still  considerable  evidence  of  the  black  reaction,  but  after 
forty -four  days  the  absoi-ption  of  the  fatty  material^  which  reacts  with 
Marchi's  method,  is  all  but  complete.  After  106  days  fine  new 
medullated  fibres  make  their  appearance. 

Mott  and  HalliVjurton  compared  the  effects  of  placing  nerves  directly 
into  Marchi's  osmium  tetroxide-potassium  bichromate  mixture  with 

*  Pellizzi  :  Arck.  ttal.  di  BM.  (1895). 

^  Hamilton  :  '  On  m  method  of  deinonist rating  secondary  dogeaerations  of  the 
nervoua  ftysteni  by  meftos  of  peroamic  acid,'  Brain,  20,  iSo  (1897). 

*  Langley  and  Anderaon  :  Jtmm,  uj  Physwlogv,  Cambridge,  24  (1899). 

*  Biisph  :  Neurol  CeniralbL  17,  476  (1898). 

*  Stariinger  i  Zeitseh.f.  tcisa.  Mikr.  IG,  179  (1899). 

*  Beicbcrtr  Bennogaaae  24,  Wien.     Tho  cost  ia  £a. 
"*  Mott  and  Halliburton  :  phU.  Trans.  Boy.  80c  London,  194,  437  (190a). 
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the  effects   obtained   by  first  treating  nerves  with  Mailer's  fluid 
according  to  Morchi's  original  plan.     They  give  this  table : — 


Jfem-Jfbm^ 

healihy. 

deffentrated. 

Kealthy. 

eUgeturaUd. 

X.  Mar«hi  dinot 

dark 

black  ;  adi- 

black  on  surface  ; 

bUck 

grejiah- 

poM  tiuue 

the  fluid  does  not 

greea 

takM  the 

same 

colour 

]r<tni-trat'e  well  to 
thv  iuterior 

a.  M*rchi  Aft«r  Mailer 

greyish- 
green, 
but  not 
quite  BO 

black 

gnteoish  all 
through 

blaek 

dark 

*  In  order  to  use  the  March!  reaction  for  the  central  nervous  system, 
it  is  essential  to  harden  first  in  Mtlller'a  fluid,  for  the  healthy  nerve- 
fibres,  unpirotected  an  they  are  by  a  primitive  sheath,  would  stain 
black  if  placed  directly  into  Marchi's  fluid  ^ '  (see  p.  314). 

I  obtain  the  Ijest  results  by  injecting  animals  twelve  to  fourteen 
days  after  the  lesion  with  10  per  cent,  ordinary  formol  in  09  per 
cent,  saline;  excising  the  tissues  after  thn?e  hours;  dividing  the 
tissue  into  sliest  half  a  centimetre  thick  ;  placing  these  in  5  per 
cent,  potassium  bichromate  and  changing  this  solution  twice  on  the 
first  day,  once  on  each  of  the  succeeding  days  up  to  the  fifth  day ; 
then  leaving  the  tissues  in  the  bichromate  solution  for  at  least  two 
weeks;  transferring  (hem  into  Buschs  fluid  (p.  252)  for  three  days, 
then  renewing  this  fluid  and  leaving  for  five  more  days,  always  taking 
care  to  let  the  tissues  rest  separately  on  absorbent  cotton  wool ;  then 
washing  very  thoroughly  for  forty-<^ight  hours  in  running  water,  the 
tissuee  resting  again  on  cotton  wool,  and  the  water  being  led  by 
a  glass  tube  to  the  bottom  of  the  washing- vessel ;  dehydrating  with 
increasing  strengths  of  alcohol ;  clearing  in  petroleum-ether  with  a 
boiling-point  above  100  C,  or  in  carbon  disulphide,  taking  through 
the  paraffin  process  and  cutting  sections  about  25/1  thick. 

Heller's  method. 

JTeUer's  method  for  demonstrating  medullated  nerves  which  have 
be4?in  fixed  in  Midler's  fluid  dej>ends  on  the  principle  that  the  Ipci- 
tbin-chrome  comi>onnd,  which  does  not  reduce  osmium  tetroxide, 
is  decomposed,  and  that  the  lecithin  now  liberated  reduces  the 
osmium  (see  chapter  on  protagon  and  locithin.  p.  313). 

Heller's  method*  is  as  follows  :  Yix.  organs  containing  medullated 
nerves,  such  as  skin,  the  tip  of  the  tongue,  or  portions  of  the  central 

'  nallihurtoD :    'The    chemical    tide    of    nenroua   Actl'Titjr:'    The   Croouiaa 
l^ecturr-M  :  i90i\  London,  John  Ball,  Sona,  and  DanirlK»<>n,  Lid. 
'  B«U«r:  Bvrtintr  KImiacht  Woebtntckri/t,  82,  1091  (1895). 
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nervous  system,  in  Mtiller's  fluid ;  freeze  the  tissue  and  cut  sections, 
wash  these  in  water  and  transfer  them  for  twenty-four  to  forty-eight 
hours  to  I  per  cent,  osmium  tetroxide  at  37*^  C.  To  assist  the  reduc- 
ing power  of  tissues — as  Heller  puts  it — place  the  sections  next  in 
ft  photographic  developer  (pyrogallic  acid  15,  sodium  sulphite  125. 
sodium  nitrate  70,  water  300  parts).  The  sections  soon  hecome  quite 
black,  and  now  they  are  diiferentiated  in  a  weak  potassium  perman- 
ganate soUition  which  reoxidizea  the  osmium  which  is  not  combined 
with  meduUated  nerves  or  with  fat.  The  brown  colour  of  the  reduced 
permanjjanate  is  removed  with  i  to  2  per  cent,  oxalic  acid. 

Ford  BohcHson '  has  adopted  the  above  method,  but  pi-ofers  to  fix 
the  tissues  either  in  Weigert's  chrome  alum-copper  acetate  mixture 
(p,  236)  or  to  mordant  in  this  solution  for  a  week  or  longer  after 
having  fixocl  in  10  per  cent,  formalin.  Sections  are  placed  for  half 
an  hour  in  the  dark  in  i  per  cent.  OsO,,  then  in  5  per  cent,  pyro- 
pallic  acid  for  half  an  hour;  025  per  cent,  potassium  permanganate 
for  throe  to  four  minutes  (brain  sections  for  not  more  than  one 
minute) ;   i  per  cent,  oxalic  acid  three  to  five  minutes. 

Attthor^s  method  for  class  purposes.  Materials  are  well  fixed  in  any 
of  the  solutions  of  chrome  salts  to  render  the  lecithin  constituent  of 
the  meduUated  fibres  insoluble.  Parafiiu  sections  of  such  material 
are  fixed  to  mica  plates  or  slides  by  my  albumin  method :  the 
paraflin  is  removed  and  the  sections  are  placed  in  i :  500  sulphuric 
acid  in  50  per  cent  alcohol  to  liberate  the  lecithin  ;  the  sections  are 
then  left  for  five  to  ten  minutes  in  i  per  cent.  OsO^,  are  rinsed  in 
water,  transferred  to  5  per  cent,  pyrogallic  acid  ;  differentiated  in  0-25 
per  cent,  potassium  permanganate ;  cleared  in  10  per  cent,  ordinary 
sulphurous  acid,  and  mounted  in  neutral  1>alsam  or  liquid  paraflin. 
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In  connexion  with  mordanting  may  be  discussed  certain  methods 
which  have  been  introduced  by  Fischer,  and  which  dej>end  on  an 
impregnation  of  the  fixed  tissues  with  solutions  of  albumose  and 
similar  sub.stances. 

In  support  of  the  physical  explanation  of  staining  Fischer 
endeavoured  to  impregnate  granules,  identical  witli  those  used  in 
the  exfieriments  given  above,  with  sul>stauoes  not  acting  cliemically 
either  on  the  granules  themeelvea  or  on  the  dyes,  being  of  the 
opinion  that  granules  impregnated  in  this  way  would  not  stain,  as  all 
their  mechanical  aflSnities  would  l>e  satisfied.  He  further  made 
experiments  with  the  view  of  altering  the  normal  affinity  for  stains 
(chromatophily)  of  substances,  by  changing,  for  example,  the  aversion 
of  nucleic  acid  for  acid  dyes  (acidophobia).  into  a  liking  for  acid 
dyes  (acidophily)  by  means  of  impregnation  with  albumose  solution. 

It  was  found  that  inorganic  salts  such  as  sodium  carbonate  and 

*  Ford  Robertson  ;  British  Med.  Journ.,  March  (1897). 


chloride,  alum,  piitasaium,  nitrate,  or  copper  sulphate  in  no  way 
altered  the  Btaining  power  of  alhumose  granules  'because  thpy  were 
not  abMt>rl>ed/  Notwithslandtng  the  fact  that  for  a  whole  hour 
granules  were  placed  every  five  minutes  alternately  into  sohitiona 
of  barium  chloride  and  sulphuric  acid,  the  endeavour  to  precipitate 
the  watt^r-in soluble  barium  sulphate  inside  the  granules  wah  fruitless, 
the  staining  power  of  the  gr.inuIesWing  neitherweakt-ned  nor  changed. 

Should,  however,  'one'  comjxjnent  of  a  water-insoluble  salt  be 
absorbed,  then  according  to  Fisehor  a  precipitate  is  formed  inside  the 
granules  ;  thus  albumoso-platino-chloride  treated  for  three  hours  with 
25  percent,  potas-sium  bichromate,  and  subsequently  witli  lead  acetate, 
becomes  partly  impregnated  with  lead  chromate  and  in  consequence 
ins  much  less  deeply. 

The  fullowing  seems  to  me  a  raoro  correct  explanation :  before 
seoiiig  Fischer's  book  I  had  made  a  number  of  ex|»enuients  to 
precipitate  the  white  barium  sulphate  in  the  trabeculae  of  the  spleen, 
after  having  washetl  away  the  spleen  pulp,  with  the  view  of  getting 
distinct  ]>hotographs  of  the  spleen.  I  spent  not  only  hours  but 
days  to  obtain  a  satisfactory  result,  but  in  vain,  1  then  attrilmted 
my  failure  to  the  fact  that  the  l>arium  sulphate,  being  an  exceedingly 
fine  precipitate,  blocked  at  once  the  entrance  to  the  intermolecular 
spaces,  by  acting  on  the  principle  of  an  insoluble  precipitation 
membrane.  If  this  explanation  be  true  we  have  to  assume  that  the 
Ijarium  sulphate  membrane^  although  inij»^rmeable  to  one  of  tlie  very 
constituents  which  formed  it  (probably  the  bariimi  chloride),  is  still 
permeable  to  anilin  dyes,  or  the  granules  would  not  atnin  after 
having  been  treated  with  sulphuric  acid  and  barium  sulphate. 

It  is  different,  however,  with  lead  chrumate,  which  not  only  forms 
a  comparatively  coarse  precipitate  but  also  one  which  is  solulde  in  an 
excess  of  p^^tassium  bichromate  ;  therefore  on  treating  granules  first 
with  potassium  bichromate  and  tlien  with  lead  acetate,  the  excess  of 
the  potassium  bichromate  diffusing  from  the  centre  to  tlie  periphery 
of  the  large  granules  will  dissolve  the  prLmary  precipitate  and  make 
its  diffusion  into  the  granule  possible*. 

Water-insoluble  substances  such  as  naphthalene  and  castor  oil 
cEisaolved  in  absolute  alcohol,  or  5  per  cent  sulphur  dissolved  in 
carbon  disulphide,  are  neither  absorl>ed  by  dry  albumose  granules  nor 
by  nucleic  acid.  The  last  observations  bear  out  Weppen's  statement 
that  sulphur  from  its  solutions  in  alcohol  or  in  turpentine  is  likewise 
not  absorbed  by  carbon  '. 

Cei*tain  organic  suljstjinees  such  as  glycerin,  urea,  and  cane-sugar 
are  also  said  not  to  be  aliSorl>ed  by  nucleic  acid  granules  { Fischer). 

Fischer  believes,  however,  that  he  obtained  positive  proofs  for 
his  ]>hysical  theory  of  staining,  as  granules  either  do  not  stain  at 
all  or  only  very  feebly  after  impregnation  (i)  with  fixing  reagenta, 
(3)  with  umido  acids,  and  ^3)  with  tannin. 

The  vffvct  produced  by  impregnaling  ffmnulcs  with  firinff  rtagents. 
Granules,  after  ciu-eful  wiishing  to  remove  all  traoes  of  the  fixative 
which  was  employed   to  preoi pittite  them,   may  for  experimeutal 
'  Weppen :  Licbit'$  Aimalen,  66  !;  1845)1  69  ;i846> 
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purposes  be  impregnated  either  witb  the  same  fixative  which  was 
used  originally  or  with  any  other  fixative. 

Albimiosei  for  example,  which  has  been  pi"ecipitated  with  chloro* 
platinous  acid,  H^PtClg,  washed  to  remove  the  excess  of  the  acid,  and 
then  finally  impregnated  with  a  new  quantity  of  the  acid,  behaves  in 
every  way  as  if  after  its  precipitation  it  had  simply  not  been  washed 
out  at  all,  On  the  other  hand>  washed  albumoae-chromate  ia  distinctly 
changed  on  being  reinipregnated  with  chromic  acid  and  potassium 
bichromate ;  I  think  probably  becausje  all  chromates  are  soluble  in 
an  excess  of  chi'omic  acid  (p.  337). 

As  reimpreg nation  with  fixatives  after  washing  out  the  primary 
fixing  reagent  is  in  most  cases  equivalent  to  not  washing  out  the 
tissues  at  all,  it  may  be  useful  to  state  here  how  tissues  ataia  if 
the  fixatives  bo  not  removed. 

In  the  first  instance  the  question  must  be  answered,  How  do  stains 
and  fixatives  react  on  one  another  ? 

The  interactions  between  the  more  commonly  used  fixing  reagents 
and  stains,  as  far  as  precipitation  or  other  visible  changes  ai-e  affected, 
are  indicated  in  the  following  table,  in  which  +  means  an  immediate 
or  quickly  appearing  precipitate,  while  O  signifies  that  no  change  was 
to  be  seen  within  twenty  hours  (Fischer). 


Chromic 

Picric 

Pormai- 

Oamium 

Sfatn,  o-i  per  csnf. 

CMoro-pta- 
tinoua  aeid, 
iperetnt. 

Subti- 

male, 

'J  per  cent. 

acid, 

pw  cent. 

acid, 
percent.. 

Tannin, 
apar 
emit. 

dehyde, 
iper 
conf. 

Utroxide 
I  per 
cent. 

Picric  acid 

0 

0 

0 

, 

0 

0 

0 

Acid  fuchsin    . 

0 

0 

0 

0 

0 

0 

0 

Light-green     . 

0 

clear  but 

dirty 

violet 

colour 

0 

0 

0 

0 

0 

« 

0 

Indulin   . 

0 

0 

+ 

0 

0 

0 

0 

Eosin        . 

+ 

0 

+ 

+ 

0 

0 

0 

Bftsic  fucliHin  , 

+ 

+ 

+ 

+ 

+ 

0 

0 

Methyl -green  . 

■»■ 

+■ 

+ 

+ 

+ 

0 

0 

Sftfrnnin  . 

+  ■ 

+ 

+ 

+ 

+ 

0 

0 

Hethyleno-blue 

+ 

+ 

+ 

+■ 

-1- 

0 

0 

Flemming'a  solution  and  potassium  bichromate  resemble  in  their 
action  chromic  acid,  while  Hermann's  solution  reacts  as  does  its 
most  potent  constituent,  namely  the  chloro-platinous  acid. 

On  the  strength  of  this  table  Fischer  endeavours  to  solve  the  ques- 
tion why  tissues  after  the  use  of  certain  fixatives  do  not  stain  readily, 
unless  the  fixative  be  very  carefully  washed  out. 

As  regards  the  readiness  with  which  tissues  stain  after  having 
been  fixed  in  different  reagents,  Fischer  finds  that  reagents  may  be 
divided  into  three  groups: 

I.  Indifferent  fixatives  which  do  not  require  washing  out:  alcohol, 
formaldehyde,  acetic  acid,  nearly  indififerent  picric  acid, 
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2.  Partial  colour-enemies :  chromic  acid,  potassium  bichromate, 
Flemniing's  solution,  and  corrosive  sublimate. 

3,  Complete  colour-enemiee:  chloro-pIatLnoua  acid  H.PtCl, ',  Her- 
mann's solution,  tannin,  osmium  tetroxide,  Altniann's  solution,  and 
iodine  alcohol. 

The  answer  to  the  question  why  tissues  do  not  stain  after  certain 
fixatives  is,  according  to  Fischer,  as  follows :  The  tissues  are  blocked 
mechanically  by  the  fixing  reagent^s  which  fill  all  the  molecular  and 
micellar*  interspaces.  That  this  view  is  correct,  and  that  any 
chemical  interpretation  is  out  of  the  question,  Fischer  proves  to  his 
satisfaction  by  reasoning  as  follows :  Albumose  granules  precipitated 
by  chloro-platinous  acid  or  tannin,  fixed  to  cover-glasses,  rinsed  in 
water  to  remove  the  fixing  reagent  outside  the  granules,  but  not 
washed  out,  leaving  therefore  the  precipitant  inside  the  granules,  do 
not  stain  on  being  placed  into  uaaic  dyes.  It  is  true  that  examined 
suj^erficially  they  appear  stained,  but  this  is  only  due  to  a  precipitate 
being  formed  on  the  surface  of  the  granule,  for  it  was  shown  (see 
table,  p.  256)  that  both  chloro-platinous  acid  and  tannin  do  precipitate 
basic  dyes.  That  this  precipitate  does  not  prevent  the  entrance  of 
the  badic  dyes  into  the  granule,  and  tliat  it  is  not  the  real  cause  why  the 
granules  do  not  stain,  is  readily  shown  by  the  liehaviour  towards  acid 
dyes  of  albumosc-taimate  granules  containing  free  tannin.  Although 
acid  dyes  are  not  precipitated  by  tannin,  yet  they  do  not  stain  the 
albumose  tannato  a^long  as  it  contains  'free'  tannin,  because  the  latter 
fills  mechanically  all  the  capillary  spaces  in  the  albumose  tannate. 

Fischer's  view  seems  to  nie  untenable  for  these  reoaons :  (i)  tannin 
(p.  74I,  being  a  more  strongly  acid  substance  than  ai^e  the  acid  dyes, 
is  not  likely  to  be  displaced  by  the  latter  from  any  compound  it  may 
be  forming  ;  (2)  if  tannin  was  held  only  mechanically  it  should  diffuse 
out  into  the  surrounding  staining  solution,  accv»rding  to  the  ordinary 
laws  governing  physical  diffusion,  for  Fischer  himself  baa  shown  in 
the  above  table  (p.  256)  that  tannin  does  not  interact  with  acid  dyes. 
If  it  did  diffuse  out  then  the  acid  dyes  ought  to  diffuse  in,  but  they 
do  not.  H<»w  tenaciously  tannin  adheres  to  albimiose-platino-cMoride 
is  staled  on  p.  260. 

I  have  just  now  used  the  expression  that  tannin  would  not  diffuse 
out  from  any  compound  it  may  be  forming,  and  on  this  very  point 
my  conceptions  differ  completely  from  those  of  Fischer,  as  will  be 
shown  more  fully  later.  It  will  suffice  now  to  point  out  that  the  very 
process  of  washing  out  liberates  in  the  precipitated  proteid  certain  side- 
chains  which  play  the  essential  part  in  ordinary  staining  with  acid 
or  basic  colour-radicals.  These  aide-chains  being  satisfied  by  the 
chemically  strong  tjtimin,  there  is  no  call  for  the  chemically 'feeble 
acid  dyee,  and  hence  the  albumose  tannate  does  not  stain  aa  long  as  the 
so-called  'free'  tannin  is  present. 

I  further  cannot  accept  Fischer's  explanation  that  basic  dyes  do  not 
stain  unwashed  albumose  chloro-platinate,  because  tVie  latter  is  blocked 
mechanically  by  an  excess  of  chloro-platinous  acid,  but  believe  the 

C*n«d  by  Fischer  and  other  hixtologists  plattnum  cliloride,  or  PtC](. 
8m  p.  36. 
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followng  view,  which  Fischer  diBcards,  to  be  the  correct  one:  As 
indicated  in  the  table  (p.  256)^  chloro-platiiious  acid  precipitates  basic 
dyes,  and,  therefore,  on  placing  albumose  chloro-platinate  granules 
containing  an  excess  of  chloro-platinous  acid  in  a  solution  of  a  basic 
dye,  the  acid  will  tend  to  diffuse  out,  but  on  coming  in  contact  Avith 
the  basic  dye  a  precipitation  membrane  is  formed  on  the  surface  of 
the  granules.  This  membrane  may  be  coarse  to  begin  with,  but 
gradually  it  will  become  £ner  and  finer  till  it  is  possible  for  the 
excess  of  the  chloro-platinous  acid  to  diffuse  outwards,  while  it  is 
impossible  for  the  basic  dye  consisting  of  large  molecules  to  diffuse 
inwards '. 

In  this  case  the  negative  Btaining  result  is  due  to  the  inability  of 
the  dye-molecules  to  get  into  the  albumose  granule,  while  the  negative 
result  in  the  case  of  the  albumoso-tannate  was  due  to  the  chemically 
more  eiUcieut  colourless  radical,  the  tannin,  keeping  out  the  less 
efficient  coloured  radical. 

The  staining  results  obtained  by  the  impregnation  of  albumose 
granules  with  various  reagents,  after  the  primary  or  original  fixative 
had  been  removed  by  washing,  Fischer  has  given  in  an  abridged 
form  in  the  accompanying  table. 


Media  used  for  a  second 

Albumose-plahno-iMiiride, 
methyi'ffrum  +/ufhainj 

Afhufiioi^e 
triacid,  ^ 

fhrcmiate, 

IHlllUtliS. 

impttfwUton, 

large 

smaU 

largt 

mio/I 

fffanuiei. 

granules. 

granulea. 

granules;. 

Alcohol 

blaish  green 

red 

red 

violet 

Formal  dell  yds,  4  per  cent. 

jj 

red  with 

yollowiah- 

red,  not 

bluiah  tint 

red 

violet 

Nitric  acid,  50  per  oent. 

t> 

u 

red 

red,  not 
neutrophil 

Piorio  acid,  0-5  per  cent. 

pAle  bltuBh- 
green 

i« 

yellf>w  and 
yellowish- 
red 

violet 

Chromic  acid,  O'S  per  oent. 

colourless 

»» 

ye  I  Ifj  wish- 
red 

red,  DO  violet 

Potasaium   bichromHte, 

colourless 

n 

ft 

>> 

a -5  P«*r  cent. 

or  very- 
pale  green 

Sublimate,  3  per  cent. 

bluish -green 

red 

n 

red,  with 
slight 
violet  tint 

'  Platiimm  ohlorido,*  i  per 

n 

rod,  partly 

colourless 

pale  red, 

Ct'Ilt. 

bluish-red 

never 
violet 

Osmium  tetroxide,   i  per 

colourloss 

colourless 

}f 

colourless     | 

oeut. 

Iodine  alcohol 

IT 

*-f 

,, 

Altm&nn'B  solution 

n 

pale  reddish- 
blue 

ly 

pale  r©d 

Flemming'fl  aotution 

ft 

>t 

pale  yellow- 
ish-red 

" 

Hermann's  Bolution 

>f 

'• 

eolourlcHS 

■ 

^  Thi«   case  i»  quite  analogouB  to  the  precipitation  membrane  formed  by 
■ulphurio  acid  aJCid  barium  aulpbato  (p.  S55}. 
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Alcohol,  formaldehyde,  nitric  acid,  and  sublimate  are  indifferent, 
and  jiicric  acid  nearly  so,  while  the  chrome-comjiounds,  as  usual,  have 
no  aitinity  f"r  methyl-green.  Oeniium  tetroxide  and  iodino-alctdiol 
are  especially  active  in  preventing  staining.  'Platinum  eliloride' 
hardly  aflects  the  staining  power  of  the  platino-albumose  granules, 
while  albumoso  ehromate  is  distinctly  changed  by  cliromie  acid  and 
potassium  bichroniaJe.  This,  as  lins  Kk.-'u  statt.d  above,  is  readily 
explainable,  as  'platinum  chlnride  '  furnis  very  dt-finite  compounds 
which  are  stable  in  an  excess  of  the  platinum  salt,  while  chrome 
precipitates  are  readily  soluble  in  chromic  acid  (p.  337),  and  are  also 
readily  affected  by  the  platinum  salt,  as  seeli  in  the  table.  Fiijcher 
holds  that  the  platinum  is  simply  absorbed,  no  chemical  interaction 
between  it  and  the  chromate  taking  place,  and  mentions  in  support 
of  this  view  the  observations  of  Weppen,  who  discovered  that  carbf>n, 
after  having  taken  up  one  metal,  is  still  capable  of  precipitating 
,  a  second  one.  Fischer  states  further  that  after  washing  out  the 
ifizative  used  for  impregnating  the  granules,  their  ordinary  staining 
power  is  restored. 

Kucleic  acid  precipitatei]  with  10  per  cent.  H^PtCl,,  is  not  changed 
in  any  way  by  formaldebydi\  while  10  per  cent.  H^PtCI,  in  twenty 
hours  impregnates  the  granules  to  such  an  extent  that  the  nucleic 
acid  no  longer  stains  with  basic  dyes,  although  its  normal  want  of 
afiinity  for  acid  dyes,  or  acidophobia,  persists. 

Impregnation  -  Experiments    with    amido    compounds^    namely: 

CH,(NH,)CCOOH 
asparagin  or  amido-Buccinamide,     | 

CH.CONH, 

leucin  or  a-amido-isocaproic  acid,  (CHJ,CH,'CH(NHJCOOH,  and 

glycocoll  or  amido-acetic  acid.  NH, —  CH,^ — CO-OH. 

All  these  compounds  contain  the  basic  amido  group  NH,  and  the 
acid  carboxyl  radical  CO  OH,  in  conseijuence  of  which  thoy  may  act 
either  as  bases  or  as  actd&  They  produce,  however>  as  far  as  test-tube 
experiments  can  be  relied  upon,  no  change  either  in  basic  or  in  acid 
dyes,  and  may  therefore  as  far  as  the  dyes  are  concerned  be  regarded 
jtf  indiflFerent.  Fischer  reasons  further  that  as  amido  compounds 
already  in  the  proteid  molecule  it  is  uidikely  that  such  mole- 
will  link  on  still  more  amido  groups,  and  that  it  is  practically 
altogether  out  of  the  tjuestion  that  amido  compounds  in  any  way  can 
interact  chemically  with  the  precipitated  olbumose  or  nucleic  acid 
granules. 

Albumoso  chloro-platinate  impregnated  for  twenty  hours  with  i  per 
cent,  asparagin  or  0-2  j^>er  cent,  leucin  iB  in  no  respects  altered,  while 
5  per  cent,  glycocoll  renders  staining  somewhat  less  intense. 

Thymus  nucleic  acid  precipitated  with  10  per  cent.  H^PtCl^  and 
treated  with  leucin  or  asparagin  showed  no  changes,  but  5  per  cent. 
glycocoll  acting  for  twenty  hours  prevented  iJl  basic  dyesn  such  an 
fuchsin,  safranin,  methyl-green,  gentian-violet,  luid  Ehrlich's  triacid, 
from  staining,  but  methylene-blue  made  an  exception.  Acid  dyes 
are  also  in  no  way  taken  up.     After  removing  the  glycocoll   by 

8  2 
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washing  for  half  an  liour  in  hot,  or  for  twenty  hours  in  cold  water, 
the  nucleic  acid  precipitate  stains  once  more  in  all  basic  dyes. 

Impregnation  with  Tannin  or  digallic  acid, 

C,H,(OH),— COO— C«H,(OH)  — CO  OIL 
Tannin  is  a  fairly  strong  acid  because  it  contains  5  hydroxyl  groups, 
OH,  and  one  carbosyl  group,  CO-GH ',  Tannin  is  readily  absorbed 
by  albumose  granules,  but  only  to  a  small  extent  by  nucleic  acid. 
Again  the  question  arises  whether  this  reagent  acts  chemically  on 
the  platino-albumose  and  platino-nucleic  acid  granules.  Fischer 
negatives  the  itJea  for  these  reasons:  Albumose  precipitated  with 
tannin  is  somewhat  soluble  in  an  excess  of  the  reagent,  and  dis- 
appears instantly  in  0-2  per  cent,  caustic  soda  solution  ;  in  cold 
water  it  is  only  slightly  soluble,  but  by  strong  hydrochloric  acid 
becomes  changed  into  unsightly  masses  and  is  also  partly  dissolved. 
Therefore  whether  tannin  acta  on  the  albuniose-platino-chloride 
granules  is  according  to  Fischer  readily  decided  by  treating  these 
granules  first  with  tannin  and  subsequently  with  such  reagents  as 
will  dissolve  or  erode  ordinaiy  albumose  tannates.  As  albumose- 
chloro-platinate  gi-anuleSf  after  they  have  been  acted  upon  by  taDnin, 
do  not  show  any  sign  of  solution  when  treated  with  caustic  soda, 
it  follows  according  to  Fischer  that  the  tannin  is  absorbed  only 
mechanically ;  that  it  blocks  tho  intermolecular  and  micellar  spaces 
and  thereby  prevents  the  entrance  of  the  dyes. 

Treatment  with  caustics  not  only  does  not  affect  the  shape  of  the 
granules,  but  by  extracting  the  tannin  restores  that  power  of  stain- 
ing  which  the  granules  possessed  before  their  impregnatioii  with 
tannin. 

Here  again,  the  explanation  offered  above  seems  to  m©  to  account 
better  for  the  facta  than  Fischers  view.  It  is  not  at  all  necessaiy 
to  suppose  that  chemical  interaction  amounts  to  the  formation  of 
albumose  tannate,  but  it  may  simply  mean  the  satisfying  of  a  number 
of  side-cliains  without  affecting  the  essential  nucleus  of  tho  molecule 
at  all. 

How  firmly  tannin  adheres  to  albumose-platino-chloride  may  be 
gathered  from  Fischer's  statement  that  washing  out  in  frequent 
changes  of  distilled  water  for  twenty  hours  will  not  restore  the 
affinity  for  dyes,  and  tliat  even  hot  water  acting  for  tliirty  minutes 
fails,  but  after  at  least  two  hours'  treatment  with  hot  water  the 
staining  power  is  restored.  Yet  0-20  per  cent,  of  caustic  soda 
completely  re-establishes  tho  affinity  for  dyes  in  five  minutes. 
To  me  this  certainly  looks  as  if  sodium  hydrate  as  the  stronger 
(inorganic)  turned  out  the  feebler  (organic}  base  from  its  union  with 
the  tannin.  Sodium  tannate  being  formed  aUows  now  of  ready 
chemical  union  of  the  basic  proteid  radical  with  tho  acid  colour 
radicals. 

Nucleic  acid  precipitated  with  chloro-platinous  acid  d<»e.s  not  absorb 
t.innin  nearly  as  readily  as  does  albumose,  but  why  it  does  not  do  so 

*  The  liydroij'l  groufm  in  tannia  act  analogously  to  the  hydroxyl  groups  in 
phenol  (p,  385),  and  in  picric  acid  (p.  184). 
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Fischer  leaves  unexplained.  On  my  chemical  theory  basic  side- 
chains  are  absent  in  nucleic  acid  as  long  as  it  is  unultered,  and  there- 
fore no  affinity  Iwtween  it  and  tannic  acid  can  exist  as  tannin  is 
devuid  of  basic  side-chains. 

The  impregnation  of  granules  of  albumose  chromate  with  nucleic 
acid  makes  it  possible  to  stiiin  the  granules  not  only  with  acid  dyes, 
but  also  with  such  basic  dyes  as  methyl-green,  which  as  a  rule  does 
not  stain  chromate  preparations  at  all. 

Tht<  impi-egnatioiis  wnth  utljumoso  are  especially  important,  as 
it  is  possible  to  fix  this  protoid  in  the  granules  by  means  of  ordinaiy 
fixatives,  and  thus  to  study  the  eflect  between  comparatively  loose  and 
very  dense  compounds. 

The  best  method  of  impregnation  consists  in  treating  various 
granules  (p.  201)  with  i  to  5  per  cent  albumose  solutions,  either  for 
twenty  hours  at  room-temperature  or  for  fifteen  to  thirty  minutes  in 
a  hot  solution. 

Suppose  (i)  that  a  primary  granular  precipitate  for  any  reason  is 
unstjiinable  ;  (2)  that  this  precipitate  is  impi*egnated  with  an  albumose 
solution  ;  (3)  that  the  whole  impregnated  compound  is  placed  in 
^a  staining  solution  ;  <md  it  follows  that  by  the  incorporated  albumose 
storing  the  colour,  the  compound  as  a  whole  will  ijoconiG  coloured. 
It  is  ix>ssible  by  this  means  tu  completely  overcome,  for  example,  the 
dbinclination  of  osmium  and  platiuum-albumose  granules  to  combine 
with  acid  dyes. 

Similarly  nucleic  acid  granules  which  do  not  slain  normally  with 
acid  dyes  at  aU,  after  impregnation  with  deutero-albumose  will  sUiin 
equally  well  with  acid  and  basic  dyes,  because  the  nucleic  acid  nidical  has 
affinity  for  the  basic  dyes  while  Albumose  attracts  the  acid  dyes. 
Staining  with  the  Biondi  modification  of  Ehrlich's  triple  stain  (p.  220I 
for  three  minutes,  leatls  to  the  formation  of  bull's-eyes  according  to 
the  principlos  laid  <lown  aWve  (p.  207)1,  and  Ebrlich's  eosinophil 
mixture  stains  the  albumose  with  which  the  nucleic  acid  granules 
are  impregnated,  a  deep  red  colour. 

The  enormous  change  produced  by  impregnation  may  be  gathered 
from.  Fischer's  table,  in  which  the  primary  colour  affinity  is  compared 
to  the  secondary  one  which  has  been  induced  by  the  albumose- 
impregnation. 


rA|r»iiu  nui:Uic  acid, 
10  per  cent,  prtcipitaM 
wUh{t  +  10)  ll.PtCI«. 


Original  colouration 

Aft«>r  ao  bciUTB*  im- 

pregmition  with  5 

p«r  ooot.  deatero- 

•Ibumooie 


Biandi't  mixture, 
3  minuUM, 


pore  green 
large  gmnuloa 

rtxl,  It  ma  11 

granules  green 


Ehrlich's  triacid, 
4  minuUt. 


Ehrtteh'i  »>smoi>k(l 
I  mijcttire, 

15  minutei. 


pure  green 

large  granules  yt»l- 
lo«rish-rvd,  small 
granules  viulet  or 
neutrophil 


colourless 
large     granules 
rod,  Hinnllgran> 
uU-a  dirty  grey, 
in<lulin-Uke. 


Nucleic  acid  granules  not  impregnated  with  albumose  do  not  stain 
with  M.  Heidenhain's  iron-alum  haomntoxylin  n»ethod,  because  the 
ammonia  iron-alum  FeNH4(S0Jj,  being  a  ferri-salt,  dissociates  partly 
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into  free  acid  and  coUoidftl  iron  oxide.  The  iron  compound  being 
thus  an  acid  compound  lias  as  little  affinity  for  the  acid  nucleic  acid 
as  have  all  other  acid  stains.  After  impregnation  with  albumose, 
nucleic  acid  stains,  however,  readily  with  iron-alum  haomatoxylin. 

After  washing  out  the  albumose  with  hot  water  for  several  hours, 
the  aflSnity  for  acid  dyes  becomes  greatly  diminished. 

Fischer  recommenda  the  impregnation  witli  albumose  solution  in 
all  cases  wliero  during  histological  research  for  any  reason  it  may  be 
desirable  to  stain  in  acid  dyes. 

What  struck  me  on  first  reading  his  account,  was  the  question  how 
much  albumin  may  be  taken  up  into  the  tissues  by  fixing  sections  on 
elides  by  either  Paul  Mayer's  method  or  my  ovm  ;  and  secondly, 
suppose  fixatives  are  used  which  loave  certain  cell-constituents  in 
solution  or  render  them  soluble,  what  fullaciea  may  arise?  As  to  the 
first  pointy  experimental  ovidonee  shows  that  there  is  no  danger  in 
using  my  egg-white  method,  and  the  same  will  hold  good  for  Mayer's 
method. 

If  it  is  possible  to  overcome  the  acidophobia  of  nucleic  acid  by 
impregnating  it  with  albumose  and  then  staining  directly,  what  will 
Ije  the  result  of  pi-ecipitating  the  albumose  inside  the  granules  by 
fixing  reagents  ? 

The  result,  according  to  Fischer,  is  that  nucleic  acid  4- albumose 
granules  now  stain  neither  in  acid  nor  in  basic  dyes  at  the  ordinary 
temperature, '  not  because  the  intra-granular  S|mce8  are  blocked  by  the 
newly  precipitated  albumose,'  but  owing  to  the  diminution  of  the 
mechanical  affinities  of  the  album ose-platino-chloride,  Svhich  we  must 
imagine  stretched  over  the  nucleic  acid  micellae  in  an  unmeasurably 
thin  layer.  This  layer  may  bo  regarded  as  sutiicieut  to  satisfy  the 
mechanical  affinities  of  the  nucleic  acid,  but  at  the  same  time  to  dis- 
play so  few  affinities  itselfj  that  the  dyes  which  roach  it  b}'  diffusion 
are  not  attracted  sufficiently  to  produce  colouration.  We  require  by 
the  use  of  heat  to  increase  the  energy  of  diffusion,  and  thereby  to  drive 
the  stains  into  the  impregnated  and  seconjarily-fixed  gi-anules.' 

Not  only  dyes  but  also  albumose  no  longer  enters  the  granules 
after  the  secondary  fixation  till  h&it  is  applied,  which  increases  the 
power  of  dift'usion  into  the  albumose.  *Aa  albumose  is  cei-tainly  not 
held  in  the  granules  by  chemical  forces,  but  only  physically,  by 
absorption,  so  we  must  without  fail  assume  that  the  process  of 
staining,  which  seems  to  occur  in  exactly  the  same  manner,  must 
also  depend  only  on  mechanical  affinities.' 

However  much  I  admire  the  great  amount  of  work  which  Fischer 
has  done,  I  cannot  but  regret  that  he  sbould  have  been  carried  away 
by  the  single  idea  of  proving  all  staining  to  be  purely  physical. 
According  to  his  own  showing  doubly  impregnated  granules  ai^e  much 
denser  than  ordinary  granules,  requiring  for  example  for  the  removal 
of  dyes  much  more  prolonged  treatment  with  strong  acids  than  do 
non-impregnated  granules  (p.  261).  To  me  the  simplest  explanation 
of  the  phenomena  above  recorded,  seems  to  be,  that  the  apjdication 
of  heat  causes  the  granules  to  swell,  that  both  molecules  and  inter- 
molecular  spaces  are  dilated,  and  that  thereby  the  abaoi'ption  of  such 
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large  molecules,  as  are  met  with  in  albumose  and  in  the  anilin-dyea,  is 
made  possible.  As  regards  albumose,  heating  may  also  have  a  tc'ndency 
to  dissociate  albumose,  which  at  ordinary  temperatures  I  believe  to 
be  a  polymer. 

How  a  secondary  impregnation  with  albumose,  by  the  means  of 
heat,  of  granules  impregnated  primarily  with  glycocoll  or  platinum 
chloride  or  aUmmose,  can  throw  any  light  on  the  theory  of  staining 
I  fail  to  see.  The  albumose  is  sucked  in  or  driven  into  the  granules 
during  the  application  of  heat,  owing  to  a  change  in  the  physical 
state  of  the  gratmles.  As  the  granules  cool  the  albumose  is  retained 
in  the  gradually  narrowing  intermolecular  channels,  by  a  purely 
physical  process,  and  the  granules  at  the  ordinary'  temjierature  be- 
coming too  dense  to  allow  the  large  molecules  of  the  dye  to  diffuse 
inwards,  no  staining  takes  place.  Heating  the  granules  simply 
amounts  to  opening  gates  for  the  entrance  of  the  dye  molecules. 


PART  F. 


CHAPTER  XXI. 
Ihpbeqnation  Methods. 

The  impregnation  methoils  aim  at  depositing  metallic  salts  in 
certain  tissues,  with  the  view  of  reducing  these  salts  subsequently 
into  coloured  compounds.  This  end  maj'^  be  attained  eitlier  directly] 
by  bringing  fresh  tissues  into  contact  with  solutions  of  such  salts, 
or  indirectly  after  having  treated  tissues  by  some  other  reagent 
with  which  the  metallic  salt  will  combine.  The  ultimate  staining 
effect  always  depends  on  a  chemical  union  between  the  metal  and 
some  organic  compound. 

A.    Direct  appUcatian  of  meMUc  salts, 

I.  Silver  salts.  The  first,  according  to  v.  Recklinghausen,  to  observe 
a  precipitation  of  silver  salts  between  the  cells  of  the  cornea  was 
Flinzer,  in  1854'.  In  1856  His*,  after  impregnating  corneae  with 
the  sUver  nitrate  stick,  believed  he  had  discovered  extra-  and  intra- 
cellular lymph  spaces.  He  recognized  however,  in  1862,  that,  to  begin 
with,  the  deposit  is  always  extra-eellular,  and  that  later  it  may 
become  iutra-cellular,  owing  to  a  solution  of  the  primary  deposit 
and  its  transference  to  the  cells.  This  phenomenon  is  readily  ob- 
served by  keeping  corneae  which  have  been  stained  with  silver 
nitrate  for  some  days  in  water  (Ranvier).  Strieker,  in  1874^  also 
noticed  how  living  corneae  with  silver  nitrate  gave  positive  pictures, 
while  dead  corneae  gave  negative  ones. 

To  V.  Recklinghausen,  however,  belongs  the  credit  of  having  madfti 
silver  staining  a  general  histological  method  in  1B60'.  Ho  impregw 
nated  with  a  025  to  0-5  per  cent,  silver  nitrate,  for  20  to  40 
seconds,  transferred  the  tissues  directly  to  075  per  cent,  sodium 
chloride,  movetl  them,  quickly  about  and  exposed  to  light.  He 
believed  the  silver  nitrate  to  be  deposited  in  those  parts  which  con- 
tain much  water,  while  the  more  resistant  tissue  elements  withstood 
it.  In  1862  V.  Recklinghausen  described  the  outlines  of  endothelial 
cells  in  lymph-vessels,  and  used  for  their  demonstration  a  i :  400  to 
1 :  500  solution  of  silver  nitrate. 

With  v.  Recklinghausen's  diseoveriea  started  a  period  of  lively 
discussion  as  to  whether  the  results  obtained  by  this  observer  were 
artefacts  or  something  reliable.  Adier  thought  the  outlines  of  cells 
to  be  fibrils  resembling  elastic  fibres  ;  Harpcck  called  the  appearances 

•  Plinzer  :  Jk  argenti  nifrici  ugu  it  iiffixiu  pratterUm,  in  ocalorum  morbis  sanaMd^*, 
Difts.  1854,  bei  Cocuiusgearl>oittit, 

'  His;  Beih^QK  a.  num.  u,  path.  Ifisl.  <t.  Comta  (BwK>\,  1856). 

*  T.  ReckLinghausen  -.  '  Eiuo  MoUiodo  mikro.sk.  hohte  uiid  Bolide  Gebilde  von 
einauder  zu  adioiden,'  Virchoto't  Arch.  19,  451  (1660). 
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artefacts;  Auerlmch,  In  1865,  explains  outlines  as  due  io  a  deposit 
of  silver  salt  in  acctdeutal  furrows  in  the  epithelium,  the  silver 
having  united  with  proteids  and  sodium  chloride.  This  view  was 
also  adopted  hy  Hetile  in  1866.  Schvvalhe,  in  1869,  said  the  pre- 
cipitate was  caused  hy  a  fine  layer  of  alljuminous  material  covering 
the  surfaces  of  membnmes.  Feltz,  in  1870,  got  similar  outlines 
with  membranes  of  egg-white,  coUodium.  and  also  with  ]diotograi>hio 
paper.  Severin  had  similar  results.  As  late  as  1874  Adarakiewicz ' 
explained  the  outlines  of  cells  as  lying  under  the  cells,  and  as  serving 
to  connect  the  epithelium  with  the  subjacent  connective  tissue. 

This  review  shows  that  dissenters  are  always  plentiful  in  histology. 

In  su|tport  of  v.  Kecklingiiausen  the  following  names  may  be 
quote*! : 

BronefT  and  Eberth,  in  1864,  recognizeti  that  the  ailver  ia  pre- 
cipitated in  the  cement  substance  between  the  cells, 

Mtiller,  in  1867  \  combined  silver  nitrate  with  silver  iodide  dis- 
)lved  in  potassium  iodide,  with  the  view  of  preventing  the  nuclei 
from  becoming  stained,  and  occasionally  obtained  a  staining  of  the 
corneal  nerves. 

Ranvier,  in  1868  \  impregnated  first  with  silver  nitrate,  then 
washed  hx  distilled  water,  reduced  the  silver  salt  in  sunlight,  substi- 
tute<J  gold  for  the  silver  salt  by  transferring  the  tissue  to  i  |ier  cent, 
gold  chloride,  st^iined  nuclei  in  ammonium  carminate,  in  which  the 
ammonia  had  been  neutralized  with  oxalic  acid, and  preserved  the  tissue 
in  a  mixture  of  erjual  parts  of  5  per  cent,  oxalic  acid  and  glycerin. 

Legros*  recommended  hyposulphite  of  soda  to  remove  the  su- 
perfluous silver  salt,  a  plan  also  recommended  by  Duval,  who  uses 
a  2  percent,  solution  for  a  few  seconds.  Keich,  in  1873,  introduced 
the  following  very  good  method :  Wash  out  tho  blood-vessels  with 
a  I  to  1^  per  cent,  potfissiunj  nitrate ;  follow  up  with  a  ^  to  J  per 
cent,  silver  nitrate  for  a  few  minutes ;  substitute  lukewarm  filtered 
gelatin  for  the  silver  solution ;  harden  in  alcohol,  ext^>ose  to  light 
And  examine  in  wateror  gelatin.  Alf6row,  in  1874,  used  oi^nic  silver 
compounds,  such  as  the  acetate,  citrate,  picrate,  but  especially  the 
lactate.  The  latter  he  employed  in  i  :8oo  watery  solutiun,  to  which 
10  to  15  drops  of  free  acid  had  been  added,  so  as  to  prevent  the  pre- 
cipitation of  all  silver  salts  with  the  exception  of  the  albuminates 
and  chlorides. 

Hoyer,  in  1876,  added  sufficient  ammonia  to  a  silver  nitrate  solu- 
tion to  allow  the  precipitate  which  is  formed  at  first  to  just 
diaappeftr.  This  solution  was  then  diluted  to  05  or  075  per  cent, 
strength.     Only  silver  outlines  are  stained  by  this  method. 

Dekhuyzen'a*  method  is  a  modification  of  those  of  Reich  and 
Alf«6row.  He  washes  the  tissue  first  with  an  isotonic  solution  of 
potassium  nitrate  (1-3  in  100) ;   then  impregnates  for  3  to  6  minutes 

*  Adamkiomoz:  BtiU  Klin.  Woe^tnaA.  89,  355  (1874'). 

*  Carl  Friedrich  MQllor  :  Virthow't  Anh.  41,  no  (1867}. 
'  Raurier  :  Jomrn.  tlttAnat.  ^1868),  p.  fli6. 

*  Legroa  :  i&id.  975. 

*  Dekhuyzen  :  Aruit.  Ant.  (1889),  p.  790. 
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in  a  025  per  cent,  silver  nitrate  solution  containing  3  per  cent,  of 
nitric  acid  ;  transfers  the  tissue  to  3  per  cent,  nitric  acid  :  then 
through  96  per  cent,  alcohol  into  clove  oil,  and  then  reduces  the 
silver  ftilfc  in  bright  daylight.  The  nuclei  are  readily  stained  with 
the  ordinary  basic  anilin-dyes  or  with  haematein  alum.  Fischel's 
mixture,  used  by  Bergh\  consists  of  1  per  cent.  sOver  nitrate  2  parts, 
formic  acid  i  part,  and  distilled  water  i  part,  and  reduces  the  silver 
nitrate  in  the  dark. 

To  attain  reduction  in  the  dark  several  other  means  li&ve  been 
adopted  :  thus  v.  Thanhoffer  *  states  that  his  pupO  Krauss  uses  a  pale 
pink  solution  of  potassium  permanganate  to  'reduce'  even  in  the 
dark,  and  another  pupil,  Carl  Oppitz,  transfers  tissues,  after  im- 
pregnation ^vith  silver  nitrate,  to  0-25  to  05  percent,  stannic  chloride 
for  3  minutes,  and  moves  them  to  and  fro  to  quickly  '  reduce ' 
the  silver. 

Pei-sonally  I  use  a  i :  200  watery  solution,  to  every  icx3  cc.  of 
which  I  di'op  of  nitric  acid  is  added.  The  animals  are  injected  with 
this  solution  if  blood-vessels  ar«  to  be  studied,  and  the  blood-vessels 
are  kept  patent  after  impi-egnation  with  5  per  cent,  gelatin  solution. 
After  fixing  the  tissues  in  95  per  cent  spirit  for  24  hours,  they 
are  imbedded  in  gum  or  dextrin,  sections  are  cut  with  the  freezing 
microtome^  and  the  sections,  kei>t  in  alcohol  till  a  bright  sunshiny 
day,  are  exposed  just  sufficiently  long  to  reveal  the  outlines  of 
the  cells. 

For  the  study  of  areolar  tiasue,  tendon,  cornea,  or  mesentery  (after 
having  brushed  off  the  endothelium),  1  use  a  5  per  cent,  solution  of 
silver  nitrate,  allow  it  to  act  for  2  minutes,  wash  in  a  stream  of 
distilled  water,  and  cover  preparation  again  with  5  per  cent  nitrate 
solution,  and  expose  the  tissue  in  this  solution  to  direct  sunlight  till 
brown.  The  connective-tissue  cells  reui.ain  uncoloured.  After  a 
thorough  washing  in  distilled  water,  the  preparations  are  placed  for 
I  minute  in  a  0-5  per  cent  toluidin  blue  solution  to  bring  out  the 
nuclei,  and  after  dehydration  are  mounted  in  balsam, 

Wh.it  compound  the  silver  forms  with  the  tissue  is  not  known, 
but  it  is  probably  a  proteid  in  combination  with  chlorides  and 
carbonates.  Rjibl*  states  that  the  precipitate  is  certainly  not  metallic 
stiver,  as  it  is  suluble  in  sodium  hyposulphite,  and  belioves  it  to  be 
nn  albumin  nitrate  or  silver  oxide. 

2.  Qold  ealta.  Cohnheim  *,  in  1866,  introduced  gold  staining. 
Tissues  were  treated  with  0*5  per  cent  gold  chloride,  exposed  for 
some  days  to  daylight  in  water  acidulated  with  acetic  acid,  and 
mounted  in  glycerin  or  balsam.  This  primitive  method,  if  successful, 
gives  as  good  results  as  any  of  the  following. 

Arnold,  in  1867,  was  the  first  to  impi-egnate  with  an  acid  mixture 
of  gold  chloride.     He  employed  a  mixture  of  equal  parts  of  1  i>er 

'  B«rgh  :  Anat.  H^t,  14,  39a  (1900). 

'  V.  Thanlioffer;  Daa  Mikraskop  u.  seine  A)tirtnduns  (Stuttgart,  t88o). 
'  Rabl :  Sitzung$hn,  Akad.  HVss.  Wim,  102,  349  ^1893). 

*  Cohnlieiin  :  *  Ul>er  d.  Eudigujigwii  d.  heubiblen  Nerven  in  d.  Hornhaut,' 
Virchow's  Arch.  36,  343, 


COLD  IMPREGNATIONS 


26j 


I 


I 
I 

I 


cent  acetic  acid  and  002  to  o 05  per  cent,  gold  chloride.  Spinal 
ganglia  were  left  in  3  to  4  cc  of  this  mixture  fur  3  to  4  hours, 
and  wev&  transferred,  as  Soon  as  a  violet  colouration  was  seen,  tu 
I  per  cent,  acetic  acid  for  3  to  5  days,  till  they  were  of  a  fairly 
intense  colour;  then  the  connective-tissue  sheath  was  removed,  and 
the  ganglia  were  exposed  to  intense  light  on  a  white  surface,  in 
glycerin,  to  which  a  few  drops  of  strong  acetic  acid  had  Leen  added. 
After  8  to  10  days  the  reduction  was  completed. — Tliis  method  is 
good,  and  is  the  original  of  Apathy's  method  (see  p.  278). 

Bastian,  in  1868,  dissolved  i  gmm  of  gold  chloride  in  2000  cc. 
of  water,  and  then  added  i  drop  of  hydrochloric  acid  for  every 
75  cc.  of  the  solution.  Reduction  was  brought  about  in  a  mixture 
of  e<iual  parts  of  alcohol  and  formic  acid,  either  at  the  ordinary 
iemi>erature  or,  to  hasten  the  reaction,  at  the  temperature  of  an 
incubator.  In  1869  Bastian  recommended  to  reduce  the  gold  in 
ferrous  sulphate. 

IIt*nocque,  in  1870,  introduced  the  tartaric  acid  method  for  re- 
ducing the  gold.  Henoccjue  used  a  nearly  saturated  solution  of  the 
Acid  in  a  well-sto|ipered  bottle  at  the  ordinary  tem|>erature,  while 
Klein  and  Chrchtsclionovitsch  heated  the  solution  up  toso^C.  and 
then  allowed  it  tu  cool. 

Lavdowaky,  in  1874,  recommended  Neateroffaky'a  plan  of  reduction 
by  means  of  ammonium  sulphide.  A  drop  of  this  reagent  is  put 
on  the  section,  is  then  quickly  removed  with  filter-paper,  and  the 
preparation  is  mounted  in  glycerin. 

Loewit,  in  1875,  introduceij  the  gold  and  formic  acid  method, 
which  in  principle  is  a  modification  of  Bastian's  method.  Put  small 
pieces  of  tissue,  i  to  2  mm.  thick,  for  half  a  minute  into  formic  acid 
1  part  and  distilled  waiter  2  parts.  When  the  tissues  have  become 
transparent,  transfor  them  to  a  second  vessel  containing  i  to  2  cc. 
of  I  percent,  gold  chloride  for  10  to  15  minutes  till  yellow.  Now 
leave  tissues  for  some  time  (3  to  6  hours)  in  one-third  formic  acid  in 
the  dark,  then  transfer  to  pure  formic  acid  and  keep  in  the  dark  till 
reductiun  is  completed.  Tease  in  distilled  water,  and  examine  in  it 
or  in  glycerin. — This  is  a  good  method. 

Kupfter  \  in  1876,  demonstrated  star-shaped  cells  in  the  liver  by 
means  of  the  following  gold  method  :  Sections  cut  with  a  Valentin's 
knife  (p.  176)  are  rinsed  in  o-6  per  cent,  salt  solution,  or  still  better 
hardened  for  15  minutes  in  o  05  per  cent,  chromic  acid ;  are  trans- 
ferred to  Gerlach's  gold  solution,  consisting  of  gold  chloride  i  part, 
hydmchloric  acid  i  part,  and  water  10,000  juirts  ;  they  are  kept  in  this 
eolution  in  the  dark  for  48  hours,  till  they  Ijecome  red  or  reddish- 
violet.  Now  V.  Kupffer*  proceeds  according  to  his  old  method,  or 
uses  a  gold  solution  containing  fornialdeliyde.  This  latter  method 
18  baaed  on  Zsigmondy's  observation  that  culloidal  gidd  is  precipitated 
by  the  atldition  of  sodium  chloride  or  of  acids.  Proceed  thus:  After 
killing  the  animal  leave  the  liver  for  i  to  2  hours  in  the  animal;  wash 
out  the  blood-vessels,  and  fully  distend  them  %vith  1  :  10,000  chromic 

I  C  Kupffer  :  •  Ubcr  Steniz«lleb  d.  Lobor,'  Arch./,  mikr.  Anai.  12,  353  ;iB76). 
•  Artk  /.  mikr.  AnaL  54,  254  O899). 
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acid,  and  keep  them  distended  by  ligaturing  the  blood-vessels  (or 
pi'oceed  according  to  the  older  method);  cut  sections  with  a  Valentin's 
knife  (or  with  a  freezing  microtome),  and  transfer  them  to  a  vessel 
containing  the  following  gold  solution:  freshly  prepared  form- 
aldehyde (=  40  per  cent  solution),  free  from  formic  acid,  1  part,  gold 
chloride  i  part,  and  water  10,000  parts.  The  sections  must  not 
cover  one  another,  and  the  gold  solution  should  be  about  3  cm.  deep. 
In  36  to  48  hours  (occasionally  in  12  hours)  the  star-shnpod  cells 
will  appear  black  on  a  colourless  or  faintly  pink  ground.  Thick 
sections  prepared  in  this  way  may  be  taken  through  the  paraffin 
process  and  be  cut  into  thinner  sections.  The  sections  are  best 
mounted  in  balsam  or  in  acid-fi*ee  glycerin,  as  acids  dissolve  the 
gold  precipitate.  By  the  same  method  the  fine  connective-tissue 
fibrils  (Gittei-fasern)  between  the  liver  cells  will  occasionally  be 
found  deeply  stained,  and  then  the  star-shaped  cells  as  a  rule  are 
only  faintly  coloui'ed. 

Thin,  in  1876,  to  ensure  rapid  penetration  of  the  tissues,  injects 
animals  through  the  arterial  system  with  a  025  per  cent,  gold 
chloride  solution ;  excises  tissues  and  leaves  them  for  a  short  time 
in  some  additional  0*25  per  cent  gold  solution. 

Kanvier,  in  1878,  to  stain  the  nerves  in  the  cornea,  proceeded  thus : 
The  cornea  was  excised  j  left  for  five  minutes  in  freshly-pi-epared 
lemon  juice  filtered  through  flannel ;  transferred  for  fifteen  to  twenty 
minutes  to  3  cc.  of  r  per  cent,  gold  chloride,  and  i*educed  by 
exposure  for  two  to  three  days  to  direct  sunlight  in  25  to  30  cc  of 
distilled  water,  to  which  a  few  drops  of  acetic  acid  had  been  added. 
Muscle  fibres  were  transferred  from  the  gold  solution  to  20  per  cent, 
formic  acid,  and  were  kept  for  twelve  hours  in  the  dark. 

Ranvier,  in  1880,  used  gold  cliloride  and  formic  acid  in  com- 
bination, so  as  to  counteract  by  the  salt  the  deleterious  action  of  the 
acid*  Proceed  thus:  Mix  four  parts  of  i  per  cent  gold  chloride  with 
one  part  of  formic  acid ;  allow  mixture  to  boil  up  and  then  cool  it. 
Leave  muscles  in  this  mixture  for  twenty  minutes,  and  skin  for  two 
to  four  houre.  Reduce  the  gold  in  the  dark  with  20  per  cent,  formic 
acid,  or  in  daylight  in  water  acidulated  with  acetic  acid.  If  the 
gold  chloride  and  formic  acid  mixture  be  boiled  too  long,  reduction 
commences  to  take  place  at  once,  and  this  should  be  avoided.  As, 
however,  the  whole  object  of  boiling  is  to  give  the  gold  a  tendency 
to  rapid  reduction,  it  is  best  to  let  the  test-tube  boQ  up  three  times 
in  the  coui-se  of  ten  seconds,  and  then  to  cool  it  under  the  tap. 
Both  of  Ranvier'a  methods  are  good. 

Bohm's  method,  communicated  by  Carriere  in  1882,  is  as  follows: 
Place  tissues  for  20  minutes  in  50  per  cent,  formic  acid  till  they  are 
clear ;  rinse  in  distilled  water ;  leave  for  twenty  minutes  in  a  small 
amount  of  i  per  cent,  gold  chloride ;  rinse  in  distilled  water  and 
transfer  for  twenty-four  hours  to  a  large  quantity  of  Pritchard's 
reducing  solution  (amyl-alcohol  i  part,  formic  acid  i  part,  water  98 
parts),  and  leave  in  the  dark. — Apathy's  methtKla  are  given  on  p.  278. 

My  personal  experience  with  gold  methods  is,  that  within  certain 
limits  it  is  quite  immaterial  how  one  proceeds.     During  the  last 
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If  any  general  lalaa  mtsf  W  kid  dcnra  ther  are  these :  use  (i) 
either  luge  qnantitjaa  of  vary  dOata  ■■J^rftirit*  (i :  i,ooo»  for  6  to  8  np 
to  24  hours,  or  {7)  rmrj  amall  qaantitMa  of  alrotig  solutions  (i  :  100 
to  1 :  50)  for  a  rerr  sboit  tune,  ao  to  60  mmotea.  In  the  former  case 
a  tmiform  peoetiation  ia  enattred,  aad  aeetjooa  of  the  whole  piece 
of  tiaBUO  nuiy  be  cat ;  bat  with  ahroagcr  aolatiooa  the  surface  is 
oTer-impmgnated,  the  oeatia  ai^itly  or  not  acted  apon  at  all,  while 
the  intermediate  zone  is  the  best.  I  hare  obtained  the  bee.t  results 
with  dilute  solutions  of  feeble  reducing  agents,  or  with  such  non- 
rsducing  substanoes  aa  acetic  acid,  which  latter  acts  mainly  by  pre 
venting  bacterial  putre&etion.  the  actual  reduction  of  the  gold  being 
brought  about  by  tho  tiaauoa  themselves 

One  point  is  certain :  If  we  exximined  the  tissues  at  the  right  time 
we  shotild  get  in  many  cases  the  desired  effect,  for  I  have  seen  nerves 
gradually  make  their  appearance,  attain  a  certain  degree  of  excel- 
lence, and  gradually  fade  away  again  on  replacing  the  tissue  in  the 
reducing  fluid.  This  last  observation  has  already  been  made  by 
Drasch ',  who  explains  the  fact  that  stale  tissues  give  better  results 
than  fresh  ones,  by  assuming  various  reducing  suljstances,  probably 
acid  in  character,  to  be  developed  in  the  tissues  as  the  result  of  ]>ost- 
mortem  changes.  The  beneficial  action  of  acids,  used  in  conjunction 
with  gold,  according  to  Drasch,  amounts  to  the  production,  in  fresh 
tiBBuea,  of  the  very  same,  or  at  least  similar,  sul^tances  which  occur 
normally  after  death. 

It  maybe  of  interest  to  state  that  pure  tryptophane (p,  324I,  which 
I  obtained  through  the  courtesy  of  Hopkins,  is  a  j^owerful  reducer  of 
gold,  platinum,  and  palladium.  As  we  further  know  that  tissues 
are.  very  apt  to  undergo  auto-digestion,  it  is  quite  ixiRsiblo  tliat 
tryptophane  in  many  cases  determines  the  reduction  of  gold. 

The  fact  of  connective  tissue  staining  very  feebly  with  gold  may 
be  explained  on  the  same  ground,  as  tryptophane  is  absent  in  whitn 
fibrous  tissue. 

Gold  prepared  by  Zsigmondy's  method  (p.  39)  is  changed  by 
neutral  salts,  acid  salts,  or  fixed  alkalies,  at  first  from  red  into  blue 

>  DniMk:  Si^wtgab.  Akad.  Win.  Witn,  82,  171  (i83i).  and  8a,  534  1 1884I  ;  alw) 
AbK,  iNa(ft.-fAyiu  JC7.t  SA«A«.  0«*.  Wist.  U  (1887: -,  ZtiUch./.  wH».  Mikf.  4,  49a  (tU?)- 
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colloidal  gold,  and  on  further  addition  of  these  reagents  the  gold 
is  precipitated.  Acetic  acid  changes  the  colour  first  into  viulet-red, 
and  then  into  black,  while  ammonia  produces  no  change.  Alcohol 
precipitates  the  gold  completely,  and  the  precipitate  under  certain 
undetermined  conditions  remains  water-soluble. 

In  some  eases  gold  is  converted  in  the  tissues,  first,  into  colloidal 
gold,  and  this  by  the  excess  of  electrolytes  in  certain  tissues  becomes 
changed  into  the  insoluble  blue  variety. 

To  V.  Kupffer  belongs  the  credit  of  having  first  realized  the  im- 
jiortanee  of  Zsigmondy's  work  in  relation  to  histology  (see  p.  267). 

3.  Mercurio  chloride,  Diomidoff^  recommended  for  general  his* 
tolog;ical  fixation  for  the  central  nervous  system  7  per  cent.  (i.e.  satu- 
rated) corrosive  sublimate  solution,  and,  after  remarking  that  corro- 
sive sublimate  is  a  better  fixative  than  alcohol,  incidentally  states 
that  a  brain  of  cat  left  for  four  days  in  sublimate  is  well  preserved  ; 
but  that  after  forty-five  days  everywhere  a  fine  deposit  (called  by  the 
author  pigment)  was  seen,  and  that  after  eighty  days  all  the  pyramidal 
cells  throughout  their  length  were  crowded  with  the  granules.  The 
corrosive  sublimate-rdbuminate  precipitate  behaved  thusi  Prolonged 
warming  in  distilled  water  dissolves  the  deposit ;,  alcohol  and  ether  do 
not  remove  the  deposit,  but  turn  the  black  colour  into  brown  ;  strong 
alcoholic  caustic  potasli  and  25  i>er  cent,  acetic  acid  produce  no 
effect ;  25  per  cent,  nitric  acid  changes  it  in  the  course  of  some  days ; 
30  per  cent,  potassium  iodide  tuiTis  it  a  yoUowish-brown  colour ; 
Lugol's  solution  (water  loo^  potassium  iodide  6,  iodine  4  parts) 
removes  it  in  five  minutes,  and  distilled  water  at  the  ordinary 
temxwrature  dissolves  it  in  three  to  four  weeks. 

4.  Falladium  chloride.  Schuize',  in  1867,  who  recommended 
osmium  tetroxide  to  Max  Schultze,  has  also  introduced  iialladium 
chloride.  Tissues,  'about  the  size  of  a  bean/  are  placed  for  twenty- 
four  hours  in  15  to  30  ce,  of  a  i  :  i,cxx>  palladium  chloride  solution, 
when,  ijarticularly,  the  muscular  tissue,  glands,  and  epithelial  cells 
will  stain  while  the  connective  tissue  remains  uiistained.  Henle  and 
MerkeP,  in  1S71,  employed  this  salt  for  the  study  of  the  central 
nervous  system,  and  von  Thanhofifer,  in  i8do,  especially  recommends 
it  for  the  corneal  nerve  fibre. 

5.  Osmium  tetroxidc  is  used  chiefly  for  fixing  purposes,  l)ut  it 
also  seiTes  to  stain  fat  (p.  306)  and  the  medullary  sheaths  of  nerves 
(pp.  313  and  314). 

B.    Indirect  method  ofapphjing  meiaUic  salts. 

Under  this  heading  I  have  included  all  those  methods  which 
require  a  double  impregnation,  the  reagent,  which  was  applied  firstly, 
acting  in  a  certain  sense  as  a  mordant. 

Landois*,  in  1865,  treated  tissues  first  with  salts  of  lead,  iron, 

'  A.  DiomidoCT:  Wratach,  24,  ^^a-^'}4  (1887)  ;  snd  Zeiltch.  /.  vtss.  Mikr.  4,  499 
(18B7I. 

»  Fr.  Eilhard  Sclmlre:  Centrum,/,  d.  med.  Wias.  18  (1867). 

■  Henle  and  Mcrkel:  Eanihuch  d.  Ntmnlehn  d.  Iftnachen  (Braunsohwoig,  1871"). 

*  Landois:  '  Die  Impregnation  d,  Oewebe  mil  Schwcfolmeta]leu,'  Ceniraibl./.  d. 
med.  Wisa.  55  CiB65> 
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copper,  platinum,  and  corrosive  sublimate ;  washed  them  in  distilled 
water,  and  then  transferred  them  into  dilute  stdutions  of  ammonium 
Bulphiile,  or  dilute  sulphuretted  hydrogen,  to  produce  the  coloured 
metallic  sulphide  compounds. 

Kronthal'a'  lead  sulphide  method  (1899)  I  can  strongly  recommend 
for  the  central  nervous  system.  I  find  it  best  to  make  the  lead 
fonniate  for  myself  instead  of  buying  it  from  Merck,  as  does  Corning  *. 
Krouthal  proceeds  thus:  (i)  To  a  saturated  solution  of  lead  acetate 
pur©  formic  acid  is  added  drop  by  drop  till  fine  needles  of  the  less 
soluble  lead  fonniate  fill  the  whole  vessel.  The  acetic  acid,  which 
is  aet  free,  and  the  mother  liquor  are  filtered  off;  the  lead  formiate 
crystals  are  then  dissolved  in  water  till  a  saturated  solution  is  ob- 
tained. The  latter  I  find  deposits  a  basic  salt  after  some  time,  and 
is  therefore  best  prepared  fresh,  which  is  readily  done,  (2)  Equal 
pftrts  of  this  saturated  lead  formiate  solution  and  10  per  cent,  forntol 
are  mixed,  and  fresh  pieces  of  the  central  nervous  system  are  kept 
in  this  mixture  for  five  days.  (3)  The  tissues  are  then  rinsed 
without  washing  with  a  mixture  of  equal  parts  of  10  per  cent,  formol 
and  sulphuretted  hydrogen.  The,  to  most  people,  diaagrrcable  smell 
of  the  latter  becomes  hardly  perceptible  owing  to  the  action  of  the 
formol.  After  a  few  minutes  the  first  discoloured  portion  of  the 
formol-sulphui*etted  hydrogen  mixture  is  poui^ed  off  and  new  solution 
is  substituted,  in  which  the  preparations  are  left  for  five  days.  (4)  Then 
the  tissues  are  gradually  dehydrated,  imbedded  in  celtuidin,  clejired 
in  a  mixture  of  equal  parts  of  cr}''stalline  phenol  and  xylol,  and 
mounte^il  in  Xylene-Caoada  balsam. 

Corning  fixes  tissues  first  in  10  per  eeni  formaldehyde,  and  then 
treats  it  according  to  Kronthal's  procedure. 

Polaillon,  in  1866 '»  fixed  in  perchloride  of  iron,  washed  the 
sections,  and  then  produced  an  ink  by  transferring  the  sections  to 
tannin  solution  till  they  were  black.  In  successful  preparations  the 
nervoufl  elements  in  peripheral  ganglia  were  stained  deeply,  while 
the  connective  tissue  remained  colourless. 

Leber,  in  1868,  first  impregnated  the  cornea  of  the  frog  for  five 
m^inutes  with  0-5  to  i  per  cent,  solutions  of  a  ferrous  salt  (for 
example  ferrous  sulphate);  he  carefully  removed  the  epithelium  while 
in  this  solution,  washed  the  cornea  in  water,  and  then  transferred  it  to 
I  per  cent,  ferricyanide,  moving  the  cornea  alx>ut  in  this  solution. 
There  is  produced  in  this  way  an  impregnation  of  the  ground-sub- 
stance with  Prussian  Idue,  according  to  the  reaction  given  on  p.  290. 
Leber  also  employed  a  slightly  ammoniacal  solution  of  cuprio 
hydroxide*,  Cu(OII,K  for  the  primary  impregnation  of  the  eorneji, 
and  then  applied  secondly  a  5  per  cent,  potassium  ferrocyanide, 
K,(CN),^Fe,.  Analogously  lead  acetate  and  potassium  bichromate 
give  the  yellow  chromate  of  lead  precipitate. 

'  Kronthal:  Neunt.CentmlM.  18,  i^{iBggi);*nd  Zeitseh./.  wUi.  ifiitr.  10,  935(1899). 

*  Coming  :  Anal.  Am,  17,  108  (1900) ;  and  ZeUach.f.  vnas.  Uikr,  17,  85  (1900). 
'  Poluillon:  Joum.  (UfAnat.  tt  Phy.  8.  43  (1866). 

*  Thia  reagent  readilj  diaaolTM  cellaloae,  and  therefore  should  not  b«  filtered 
through  filt«r-p«p«r  (Schweizer,  JMtm.  Proet  CAna.  72,  109). 
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Gerlach,  in  1871^,  hardened  cords  in  i  to  2  per  cent,  ammonium 
bichromate  for  fifteen  to  twenty  days ;  cut  sections  and  left  these  in 
I  :  10,000  gold  chloride  till  they  were  of  a  pale-blue  colour  (about  ten 
to  twf  Ive  hours) ;  then  waslxed  them  in  distilled  water  containing 
1 : 2,000  to  1  13,000  hydrochloric  acid,  and  finally  transferred  sections 
to  60  per  cent,  alcohol  containing  i :  1,000  hydrochloric  acid.  Boll, 
in  1873*,  stated  that  the  shorter  the  time  tissues  were  left  in  the 
ammonium  bichromate  mixture  the  better  were  the  results.  The 
best  results  were  obtained  after  up  to  eight  days'  treatment.  Alcohol 
should  not  be  brought  into  contact  with  the  sections.  Too  much 
I  :  10,000  gold  atdution  must  not  he  used,  nor  should  sections  remain 
in  it  for  more  than  twelve  hours,  this  time  being  the  best. 

GolgVs  methods. 

Golgi,  in  1873*,  gave  the  first  account  of  the  silver-impregnation 
method  which  now  goes  by  his  name,  and  which  is  used  to  bring  out 
nervous  elements.  He  originally  fixed  small  pieces  of  the  central 
nervous  system  in  bichromate  solutions,  and  then  treated  them  with 

05  to  I  ppr  cent,  silver  nitrate,  by  which  means  nerve-cells  were 
turned  black. 

Hunter*   fixes    even    a   whole   brain   or   spinal   cord   for   i^  to 

6  months  in  Mtlller's  solution,  then  excises  small  pieces ;  rinses 
them  in  water  and  treats  them  at  body-temperature  for  twenty-four 
hours  in  0-75  i>er  cent,  silver  nitrate,  which  is  changed  occasionally. 
He  finally  imbf  ds  in  celloidiu  and  cuts  section* 

Golgi,  in  1879",  published  his  corrosive  sublimate-bichromate 
method.  Portions  of  the  cerebrum,  cerebellum,  and  cord,  i  to  2  cm. 
thick,  are  left  in  Mtiller's  solution  or  2^5  per  cent,  potassium 
bichromate  for  fifteen  to  twenty  days  ;  they  are  then  transferred  for 
eight  to  ten  days  to  0-25  to  0-5  per  cent  corrosive  sublimate  solution, 
which  has  to  be  changed  daily  till  the  brain  looks  as  if  it  hvu\  been 
fixed  in  corrosive  sublimate.  Sections  show  ganglion-cells  and  pro- 
cesses with  transmitted  light  stained  black,  while  with  reflected  light 
the  cells  appear  white. 

The  chief  modifications  of  these  two  original  methods  are  : 
I.  Cox's  modiflcation  of  the  Golgi  bichromate-sublimate  method. 
I  liiivo  used  it  ever  aiiice  its  publication  in  1891,  It  is  by  far  the 
most  reliable  method  for  young  and  adult  brains,  as  blood-vessels 
have  only  a  slight  tendency  to  stain,  while  nerve-cells  are  more 
numerous  than  after  other  Golgi  methods  ;  and.  above  all,  very  large 
pieces  may  be  fixed  in  this  solution  provided  the  solution  is  used  in 
one-half  the  strength  advocated  by  Cox.  In  1892  I  fixed  a  whole 
human  cerebellum  in  it,  and  found  the  solution  had  penetrated  well*. 

1  Oeilach  :  Strickei^s  Handbuch,  678  (1B71). 

*  Boll:  Arch./.  PgycK  u.  Nervenheitkunde  4,  5a  (1873V 

'  Golgi  :  'Sulla  struttura  dolla  uontanza  grigio  del  cerv'cllo,'  Goes,  med,  UaL. 
Lomh.  Ser.  4.  t.  6. 

'  Iluiitcr  :  Joitrn.  0/  Anat.  and  Physiol.  32,  109  (1897). 

*  Oolgi  :  'Un  nuovo  proceaso  dt  tecnica  microacopica,'  Rendic.  R,  JgttMo 
Lomhardo,  12,  ao5-aio  (1879). 

*  Death  in  this  particular  ease  was  due  to  paraldehyde  poisoning,  and  the 
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Cox's  solution  consists  of 

5  per  cent,  potassium  bichromate 
5  per  cent,  corrosive  sublimate 
5  per  cent,  potassium  chromate 
Water 


10  parts 
10     „ 
8     „ 
15  to  20  parts. 


the   folic 


prepare  it  in  the  following  way:  The  bichromate  and  the 
subliinate  solutions  fire  mixed  together,  the  chrumate  solution  is 
mixed  with  the  water,  and  then  added  to  the  sublimate-bichro- 
mate solution.  The  mixture  is  next  warmed  up  to  the  temperature 
of  the  incubator,  when  a  slight  haziness  seen  in  the  cold  i>ecomea 
more  evident,  and  some  mercuric  chromate  is  thrown  down.  The 
solution  may  be  used  in  this  strength,  or  be  diluted  with  an  equal 
quantity  of  distilled  water.  Portions  of  the  brain  of  adult  animals 
measuring  i  cm.  in  thickness  or  entire  brains  of  young  animals,  such 
as  kittens  a  foitnight  old,  are  placed  on  cotton  wool  in  this  solution 
and  left  in  the  incubator  for  24  hours,  when  the  solution  is  changed 
for  some  fresh  solution.  After  a  second  change  on  the  third  day, 
the  vessel,  which  shtmld  contain  the  solution  to  the  brain  in  the 
prtmortion  of  30  :  i,  is  sealed  with  vaseline  and  is  left  in  the  incubator 
(38  C.)  for  at  least  a  month,  but  preferably  for  two  months,  as  then  a 
great  many  more  axisK^ylinders  become  impregnated. 

Cox  gives  as  bis  reason  for  adding  the  potassium  chromate,  the 
necessity  for  reducing,  as  far  as  possible,  the  normally  acid  reaction  of 
the  bichromate,  as  otherwise  the  axis-cylinders  will  not  become 
impregnated,  although  the  cells  do. 

Sections  are  cut  either  by  free  hand,  or  the  tissues  may  be 
transferred  directly  from  the  impregnating  fluid  to  neutral  20  per 
cent,  dextrin,  l:»e  left  in  this  solution  according  to  size  for  i  to  3  days, 
and  then  be  cut  on  a  freezing  microtomCf  It  is  Ijest  not  to  cut 
sections  too  thin,  about  50  to  100^  being  the  best  thickness. 

Cox  converts  the  white  sublimate  impregnation  into  a  black  one  by 
means  of  5  per  cent,  sodium  carbonate,  but  I  prefer  ammonia,  as 
preparations  appear  to  be  more  j>ermanent  if  they  have  been  treated 
by  the  latter.  Sections,  after  they  have  become  black,  are  carefully 
washed  in  water,  very  thoroughly  dehydrated  and  mounted  in  neutral 
balsam,  without  a  cover-glass,  according  to  Golgi'a  plan,  to  allow  the 
solvent  of  the  balsam  to  evaporate  as  quickly  as  possible  and  thereby 
to  render  the  balsam  hard  and  to  prevent  deterioration  of  the  metallic 
deposit. 

If  it  be  desired  to  use  cover-glasses,  one  of  the  two  following 
methods  may  Ijo  adopted  : 

{a)  By  means  of  wax  fix  a  cover-glass  by  its  comers  temporarily  to 
a  slide ;  place  the  preparation  on  the  cover-glass  and  cover  it  with 
thick  balsam ;  add  next  day  some  more  balsam  if  necessary,  and 
ftfter  a  week,  when  the  balsam  has  become  quite  hard,  detach  the 
cover-^lass  from  the  slide  and  invert  it  so  that  the  preparation  is 
facing  the  slide.     Taking  care  that  the  balsam  does  not  touch  the 

whoU  brain  roaotod  in  »o  perfect  a  manner  that  I  have  never  been  able  again  to 
attain  raoh  good  remits  with  the  hunian  brain. 
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slide,  fix  the  cover-glass  first  by  its  four  comers,  and  subsequently 
along  only  three  sides  fix  it  to  the  slide  with  KrOnig'a  cement 
(see  p.  382). 

(&)  Melt  solid  balsam  in  a  vessel ;  lieat  a  slide  till  the  heat  can  just 
be  borne  when  holding  it  against  the  cheek  ;  transfer  the  section  to 
the  slide,  and  without  delay  cover  .speoinien  with  the  liquefied 
balsam  j  hold  the  cover-glass  for  one  second  over  the  Bunsen  burner 
to  heat  it,  and  quickly  lay  it  on  the  balsam,  which  sliould  still  be 
liquid.  If  a  warm  stage  is  available,  it  will  prevent  the  balsam  from 
solidifying  and  save  both  time  and  preparations. 

2.  Golgi's  rapid  method '  differs  from  his  original  slow  method 
(p.  272)  in  only  requiring  on  an  average  about  5  to  7  days.  It 
comprises  the  following  operations :  Very  small  pieces  of  perfectly 
fresh  tissue  are  placed  in  a  mixture  of : 

a  to  2-5  per  cent,  potassium  bichromate  .     4  parts 

I  per  cent,  osmium  tetroxide  ,         .         .1  part 

In  this  mixture  the  pieces  remain  at  least  2  days,  and  not  more  than 
10  or  at  the  most  15  days.  From  the  third  up  to  the  seventh 
day  some  pieces  are  daily  taken  out  of  the  asmium-bichromat« 
mixture  and  transferred  to  0'75  per  cent,  silver-nitrate  solution,  and 
left  in  it  for  24  to  48  horn's,  when  the  impregnation  of  the  nerve-cells 
will  Ije  comjileted.  Tissues  may  remain  iu  the  silver  bath  indefinitely- 
long,  provided  the  solution  is  changed  as  often  as  it  turns  yellow. 
To  olntain  sections,  tissues  may  l)e  imbedded  after  thorough  dehydra- 
tion with  absolute  alcohol  in  either  pai'affin  or  celloidin  l)y  one  of  the 
short  methods  (pp.  i6g,  174I,  or  the  tissue  may  be  placed  in  some 
20  per  cent,  dextrin  solution  for  i  hour,  then  be  transferred  to  the 
freezing  microtome  and  be  cut  into  thick  sections. 

Treat  these  sections  as  stated  on  p.  273  under  Cox's  method. 

Golgi"  now  uses  this  mixture  : 

3  per  cent,  potassium  bichromate  .         .         .2  parts 

1  per  cent,  osmium  tetroxide  .         .         .1  part 

and  remedies  over-impregnation  with  the  osmium-bichromate  mixture 
by  transferring  tissues  according  to  the  amount  of  over-hardening 
from  8  hours  to  10  days,  and  even  longer,  to  this  mixture : 

2  to  3  per  cent,  potassium  bichromate      .1  ,        , 

4  to  5  per  cent,  copper  sulphate       .         .  /  ^"*^*  ^^^^^ 

and  from  this  straight  into  the  silver-nitrate  solution'. 

To  demonstrate  the  intra-collular  network  in  nerve-cells,  Golgi 
employs  Veratti's  mixture,  composed  of: 

*  Oolgi  :  Arch.  Hal.  Biol.  7,  15  f  1886). 

*  111.  :  Cinffiantenatre  Soc.  Biol.  Pun's,  Livre  jubil.  514  (1899^ 

'  Oolgi  in  1894  ijutern.  Monatssch. /.  AiuU.  u.  Physiol.  II,  338  ;  and  ZeitscKf.  visf. 
Mikr.  n,  389  (1894);  rejuvenated  ONmitim-bichromute  material  which  had 
remained  in  this  mixturs  for  weeks  arnl  months  by  plaeing  il  in  half-8aturnU«d 
copper  ufetate  solution  and  renewing  the  latter  till  it  rtmiained  jjerfectly  cl^Ar. 
Finally,  the  tissue  was  re-irapregnatod  in  the  oainiutu-biehronifllv  mixture  for 
five  to  aiz  days. 
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5  per  cent,  potassium  bichromat©  .  .  2  parts 
o- 1  per  cent,  chloroplatinous  acid  * .  .2  parts 
I  per  cent,  osmium  tetroxide  .         .         .     i  to  2  parts 

3,.  Qolgi'a  mixed  mothod  is  considered  by  liim  to  give  not  only 
the  best  histological  details,  but  also  to  be  recommended  because  it 
allows  of  a  more  systematic  research  being  made,  provided  sufficient 
matetiul  is  available.  He  proceeds  in  this  way  : — A  large  number  of 
pieces  arc  put  into  2-5  per  cent,  potassium  bichromate,  and,  com- 
raenciug  ^^^th  the  third  day  and  continuing  up  to  about  the  thirtieth 
day,  pieces  ai*o  daily  transfpiTod  to  the  osmium-bichromato  mixture 
(p.  274t  and  treated  according  to  his  rapid  method  (p.  274). 

4.  Ram6n  y  Cajal'a  double-impreKaation  method"  is  especially 
to  be  iv!?commended  for  sympathetic  ganglia  and  the  siiinul  ganglia. 

The  spinal  cords  of  chick  embryos  art*  fixed  for  3  days  in  Golgi's 
oamiumd>ichroraate  solution  (p.  274) ;  are  then  transfen-ed  for  36  hours 
into  0'5  to  0-75  per  cent,  silver-nitrate  solution;  put  back  into  the 
osmium-bichromate  mixture  for  36  to  48  hours,  or  for  the  same 
length  of  time  into  a  solution  containing  only  i  part  of  osmium  to 
10  parts  of  bichromate  ;  rinsed  in  water  and  replaced  for  36  to  48 
hours  in  silver-nitrato  solution.  Should  tissues  not  have  remained 
suihciently  long  or  too  long  in  the  first  osmium-bichromate  bath,  it 
becomes  necessary  to  repeat  the  impregnation  for  a  third  time. 

5.  Koloasow's  method  \  Tissues  are  impregnated  for  i  to  7  days 
in  a  3  to  5  per  cent,  potassium-bichromate  solution  containing 
0-25  per  cent,  osmium  tetroxide;  rinsed  in  distilled  water;  dried 
with  blotting-jiuper.  and  transferred  for  2  to  3  days  to  a  2  to  3  per 
cent,  silver-nitrate  solution  containing  025  to 0-5  per  cent,  osmium 
tetroxide.     This  is  a  good  method. 

6.  Strong's  formaldehyde-bichromate  method*.  This  observer 
seems  to  have  been  the  first  to  substitute  formaldehyde  for  osmium 
tetroxide  in  Golgi's  methotl.  His  mixture  contains  2-5  to  5  per  cent, 
formalin  (formalin  or  formol  =  40  per  cent,  formaldehyde) and  35  to 
5  per  cent,  potassium  biehrontate. 

Kopsch  '  also  uses  a  fieshly-prepared  mixture  consisting  of : 

3'5  P^'^  cent,  potassiimi  bichromate      .         •     40  partii 
Pure  formol         ,         .         .         .         .  .     10     „ 

Tissues  of  not  more  than  2  cm.  cubic  capacity  remain  in  this 
mixture,  which  should  be  moved  about  occasionally,  for  24  hours ; 
they  are  then  transferred  to  pure  3-5  per  cent,  bichromate  solution, 
and  remain  here  different  lengths  of  time  according  to  the  nature  of 
the  tissue.  Thus  all  glands  (as,  for  example,  liver  and  stomach  for 
secretary  ducts)  remain  i  day ;  the  retina  I  to  2  days ;  the  central 
K  nervous  system  3  to  6  days  according  to  the  effect  desired,  axis- 
I        cylinders  coming  out  first,  then  nerve-cells,  and  lastly  the  neuroglia. 


I 


*  V«nitU  e«lla  chloro-pUtinoua  acid  'pUlinum  chloride.' 

*  Itun6n  7  Cajoi  :  Zriuch.f.  wvu.  Uikr.  0,  341  1 16911). 

*  KoloHOW  :  Arch,/,  mikr.  AnM.  19,  59a  ',1897). 

*  Strong  :  Anat.  Arutigtr,  10.  494  ).t895  . 

*  Koptdi  :  ibid.  11,  797  (1896). 
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Mathod  of  preTenting  preeipittttioo.  of  aOTer  chromAte 
in  the  tiamies. 

To  minimize  the  inegukr  deposit  of  silver  cknMoate  in  the  tiasueai, 
flehnrdd  *  surroonde  ibem  with  a  coet  of  gratia.  He  poufs  10  per 
•«fni.  geUtin^  which  is  just  Eiqind,  into  a  paper  baz,  imbeds  the 
tjasoftsy  aad  then  places  the  box  in  the  sflTer  aoiotioo.  After  the 
impngnaticin  m  eompleted  the  gelatin  is  washed  off  with  a  warm 
flstoniiod  sototion  of  nlrer  ehromate.  I  find  Qua  method  gives 
good  results  prorided  the  gelatin  which  comes  in  eontact  with  the 
fajcbramaie  in  not  rendered  insoluble  by  the  action  of  light.  I 
proses  J  thnit:  Either  in  the  photographic  dark  room  or  in  the 
evening  with  artiHcial  light,  tissues  tied  loosely  to  a  piece  of  string 
Sre  immerMd  three  times  into  liquefied  10  per  cent,  gelatin,  and  «a 
•oon  as  the  gelatin  has  set,  they  are  then  put  into  the  silver  bath 
sod  tbs  latter  kept  in  the  dark  room  or  in  some  darit  plaoa  It 
sppean  to  me  that  surrounding  a  tissue  with  gelatin  makes  impreg- 
nation alower,  although  why  it  does  so  is  not  easy  to  see,  as  the  rate 
of  (lifTiiAion  of  silver  nitrate  through  gelatin  is  practically  the  same 
as  that  through  water.  I  allow  always  one  day  longer  for  the  silrer 
l/at)i  if  tiiwass  are  enveloped  in  gelatin. 

*  OnroU :  InUmaL  MaruUtKh.f.  Anat  und  Phyaiol.  18,  108  (l89<r> ;  and  Ztit»ck.  f, 
vHm.  MiUr.  18,  314  (1696  . 

*  Bolton  ;  ZtilaeM.  f.  wi»a.  Uikr.  15,  367  (1899). 

*  IWrkUf  :  Jrutt.  Am,  8,77a  ii893), 

*  Sehrwald  :  Ztitfh  /.  itim.  Mikr,  ft,  456  (1890). 
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Methods  for  rendering  Golgi  prepftrationa  more  permanent. 

It  was  pointed  out  on  p.  273,  that  it  in  imperative  t^o  mount  Golgi 
preparations  without  a  cover-glass,  to  allow  tlio  balsam  to  lr>ecoijie 
bard  aa  rapidly  as  possible,  but  why  tliis  should  >>e  necessary  is 
difficult  to  say.  By  some  the  deterioration  of  tlie  preparations  is 
attributed  to  moisture,  by  others  to  diffusion  currents  under  the 
cover-glass,  while  I  Ijelieve  the  chief  cause  to  be  the  acid  nature  of 
ordinary  balsam,  owing  to  oxidation  processes  being  at  play  (sfe 
p.  377).  for  preparations  mounted  in  Price's  No.  i,  pure,  ueuti'al 
glycerin  keep  very  well. 

Greppin  \  in  i88g,  treats  sections  for  30  to  40  seconds  with  10 
per  cent,  hydrobromic  acid,  HBr,  washes  them  very  carefully  in 
water,  dehydrates,  clears  with  cluve  oil,  and  expgsos  them  for  10  to 
15  minutes  to  direct  sunlight,  when  they  become  of  a  violet  colour. 
Sections  may  be  counter-stained  by  Pal's  method  and  should  be 
mounted  in  balsam. 

Obregia'  converts  the  silver  deposit  into  a  gold  one  by  the  follow- 
ing procedure:  (i|  Add  to  lo  cc.  of  absolute  nlcohul  ten  drops  of 
I  per  cent,  solution  of  gold  chloride,  and  expose  this  mLxture  for 
half  an  hour  to  diffuse  daylight.  (2)  Leave  sections  in  this  mLvtum 
in  the  dark  for  15  to  30  minutes  according  to  thuir  thickness.  (3) 
Wash  sections  rapidly  in  50  per  cent,  alcohol  and  then  in  water. 
I4)  Remove  the  superfluous  silver  salt  with  10  per  cent  sodium 
hyposulphite  solution.  (5)  Very  carefully  work  out  the  hypo- 
sulphite. (6^  Stain  in  carniin  if  thought  necessary,  and  (7)  mount 
in  balsam  with  a  cover-glass.  If  the  hyposulphite  is  not  thoroughly 
washed  out,  the  preparations  are  sure  to  deteriorate  quickly. 

Zimmermarin '  fixes  in  formol-Golgi,  and  converts  the  silver 
dejwsit  either  uito  the  chloride  or  into  the  sulphide,  by  moving 
about  the  paraiBn  sections  fixed  to  slides  for  10  to  15  minutes,  in 
large  t^j^uantities  of  a  mixture  of  0-75  sodium  chloride  i  part  and  96 
per  cent,  alcohol  2  parts,  and  then  exposing  the  sections  in  75  to 
96  per  cent  alcohol  to  diffuse  suubght  till  the  clilurtde  has  become 
black,  which  takes  about  half  a  day  (direct  sunlight  may  be  used, 
but  is  apt  to  cause  too  deep  a  colouration) ;  or  sections  are  left  for 
half  to  one  hour  in  100  cc.  of  absolute  alcohol,  to  which  a  few 
drojis  of  ammonium  hydrosulphide,  H(NH^}S,  are  added.  Tf>o  much 
ammonium  sulphide  or  too  long  an  exposure  to  its  action  removes 
all  the  silver,  therefore  caution  is  necessary.  This  method,  according 
to  my  experience,  is  tlie  one  to  be  recommended  most,  as  the  intei^ 
relationship  of  the  gland-ducts  and  gland-cells  can  Ije  accurately 
determined,  nut  only  in  the  stomach  (Zimmermann),  but  also  in  the 
liver,  by  counterstaining  the  silver  chloride  sections  in  thionin 
(toluidin-blue)  or  aafranin  and  the  sulphide  sections  in  DeUitield's 
haematoxylin. 

'  Orappin  :  Arck./.Anat,  (und  P1»viol.\  Sappt  55  (1889)  ;  and  Ztitich,  f.  wOt. 
ilikr.  7,  66  1,1890). 

*  ObrcgU  :   I'irchow'M  AreM,  122,  387  f  1890   ;  and  Zeilach./.  wiu.  MUcr.  8, 97  (1891). 
'  Zimmemumo  :  Arch.  /.  mikr.  AhcU.  52,  554  11,1898;. 
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Thoory  of  Qolgi's  process. 

I'lidnt  in  a  Rroat  deal  of  ^viporstLtion  about  this  method,  as  has 
poinUHl  out  l»v  Hill '.  It  13  imniuterial  whether  the  tissues  are 
oxikiimmI  tt>  litflil  or  wliothtT  thoy  are  left  in  the  dark.  The  ess«i 
]u»iii(  in  Hiut  iuith  thi*  bichrom»t«  and  tha  silver  solution  penetvato] 
rHi<itll}\  Thi)  U>Nt  n>ault8  h«>  obtained  by  injecting  potassium  bichro-J 
nuiU«  NohitiditH  thrimeh  the  aorta,  aftt^r  having  added  i  per  cent. 
Uolln  tivid  to  thw  uoTutiou  to  prevent  a  contraction  of  the  blood-1 
viiMM^la.  Iu«itrad  of  silver  nitrate,  AglffO,.  the  nitrite  AgNOj  may 
bw  UMMd  in  075  iH>r  cont  strengths,  after  formic  acid  has  been  added 
iu  it  in  th<»  pn.>|H>rtiou  of  i  :  1,000.  The  idea  of  adding  a  reducing] 
Hil»nt  to  the  »itvemitrHtc  buti;  originated  with  van  Gehuchten.  who 
Iwtor  ili»^^ai\led  this  method  as  no  real  difference  is  produced  by  the 
iidilition  of  thiet  aoM. 

Hill  i<*  i<f  tb«k  o(Unioii  that  not  silver  cliromate  is  deposited  in  the 
oelU  and  ('  oaica,  but  a  r^duoed  salt  (sub&^ltl  of  silver,  and 

(hnt  tho  i(<  :  ^^  plac*  in  th«  fluid  *  neiutvplasm  '  and  not  in  the 

^^o^»^^•  1  ' 

A  kt'  written  as  to  where  the  silver  is  deposited, 

but  U  NVlU  i»ultU*ii«  h^r  th«>  ptiriK»ises  of  this  book  if  I  state,  that 
iu  UiHuy  vvHMw  lh«  d^KVftit  be^iua  la  the  lymph  spaces  round  the 
f^U  AUd  that  IU«  \I^M«it  may  prooeod  no  further,  as  is  readily 
«lvti>i|iuiu«»d  by  eulUttf  MoUons  aulBcieiitly  thin  to  enable  one  to 
h«c#  tbM  iMiU)«>  tvU  Umwih  8et«ral  aeciions.  In  this  case  the  im- 
|ih  '^    for  wTieMTer  eomplete  impregnation  has  taken 

Iil  I  IhhI\  .  inelttilTe  or  exclusive  uf  the  nucleus^  may 

ti)  ai.tu«t\t.  Ual^in  Hud  Voratti*s  uiore  recent  work  has  shown  that. 
H  Uuo  uuuthlike  do|HMit  may  take  nlace  on  the  outer  surface  of  the' 
o*ill,  »u\d  thttt  a  fortaiu  sysleju  01^  fibrils,  which  I  regard  as  lymph- 
i^hHiiut>lM,  Mu»y  Ik*  staintnl  in  the  cell-plasm.  Finally,  I  have  once 
M)<DU  nothing  but  the  nuclei  impregnated  in  a  long  series  of  spinal 
ganglion  cells  of  the  c^»t.  It  follows  therefore  that  the  silver  salt 
may  be  deposited  in  the  most  diverse  situations. 

As  to  tlto  chemical  nature  of  the  deposit  nothing  is  known,  except 
that  it  ia  not  simply  silver  chromnte. 

Apdthy's  gold  methods. 

(tt)  Tho  direct  method.  A[X{ithy  *  places  fresh  tissues  in  a  i  per  cent 
jMluiion  of  *  yellow  '  gold  ohloride.  uurum  chloratum  flavum  (p.  79),  for 
a  tit  1 J  houi'H,  iti  tho  dnrk  ;  ti'ansfers  them  to  1  per  cent,  formic  acid, 
lind  i<x]»uiieH  lUom  lo  dirtx-t  sunlight,  wliich  must  have  free  access  from 
fkW  ftidctN.  A  fter  tbo  tirnt  hour  the  formic  acid,  which  now  is  somewhat 
mihuiri'd,  iM  changtHl  for  new  solution,  care  being  taken  to  move  the 
(Imuo  ultout  as  little  us  possible  to  prevent  the  gold  being  washed  out 
of  tlu>  (iii»«ui>.  Mount  and  examine  in  pure  glycerin  or  gamnsyrup^ 
Thlt  nu'thod  ApiUhy  calls  his  Vorvergoldung,  w^hich  means  thai 
|(a«uva  are  trentod  with  gold   before  they  are  treated  with  other 

t  AIoIAIkI**!*  Hill  :  'Tlit>  Cliromo-silver  Method,'  kc^  in  Brain  (1896;,  p.  z. 
^  A|i«tliy  i  kiUh.  m$  d.  Zool.  Stat,  eu  Ntapd,  12,  738  1,1897  . 
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rdagonts.  I  coll  it  the  direct  method,  the  indirect  one  being  that 
given  below,  as  in  this  case  tissues  are  first  brought  into  contact 
with  corrosive  sublimate,  and  subsequently  with  gold  chloride. 

\lt]  The  indirect  method.  Apathy  has  devised  the  following 
method  for  the  demonstration  of  neuro-fibrils.  It  comprises  a  pri- 
mary fixation,  a  secondary  impregnation,  and  a  final  rtHluction. 

1.  The  fixation.  Tissues  of  invertebrates  shouUl  be  fixe<l  either  in  a 
saturated  solution  of  Biiblimato  in  0-5  per  cent,  salt  solution  for  8  to 
12  hours,  or  if  thin  membranes,  for  2  to  2|  hours,  or  still  better,  for 
double  the  length  of  time  in  a  mixture  of  equal  parts  of  absolute  alcohol 
and  the  sublimate  solution  just  mentioned,  while  vertebrate  material 
not  thicker  than  1  mm.  is  fixed  for  24  hours  in  my  osmium-sublimate 
mixture  (p.  97),  which,  as  I  recommended,  must  be  freshly  prepared. 
Apathy  fixes  tissues  in  the  osmium  mixture  in  complete  darkness  to 
prevent  undue  blackening.  To  remove  the  sublimate,  tissues  are 
placed  for  6  to  8  hours  in  several  changes  of  a  watery  solution  of  0-5 
per  cent,  iodine  in  i  per  cent,  potassium  iodide,  and  are  then  directly 
transferred  t«  95  \ter  cent,  or  stronger  alcohol,  and  left  in  it  over- 
night. Tho  last  traces  of  sublimate  are  now  removed  with  0-5  per 
cent,  iodine  and  i  per  cent,  (wtassium  iodide  dissolved  in  95  per  cent, 
alcohol,  the  tissues  remaining  in  this  alcoholic  iodine  solution  till  they 
are  yellow  throughout.  After  having  washed  out  carefully  all  traces 
of  iodine  with  absolute  alcuhol,  the  tissues  are  imbedded  in  celloidin 
or  are  taken  through  the  paraffin  process.  If  tlie  latter  method  be 
chosen,  employ  pure  chloroform,  or  chloroform  4  parts  and  ethyl> 
ether  i  part '.  Xylene  must  not  l>6  used.  It  is  necessary  to  hurry 
the  whole  process  up  to  this  point  as  much  as  possible. 

2.  The  impregnation.  The  paVaiKn  sections,  10  ft  thick,  are  fijted 
to  slides  and  the  paraffin  is  removed  with  chloroform,  and  the 
latter  with  alcohol,  while  the  celloidin  sections  are  taken  through 
l>ergamot  oil  into  alcohol.  The  sections  are  transferred  from  the 
alcohol  to  distilled  water  ;  left  in  it  for  at  least  2  and  not  more  than 
6  hours  ;  are  treated  with  1  per  cent,  formic  acid  for  i  minute  ; 
rinsed  well  in  water  and  impregnated  for  24  hours  (or  at  least  over- 
night) in  I  per  cent.  *  yellow '  gold  chloride  (p.  79).  The  gold 
solution  having  been  removed  with  filter-paper  or  the  slide  having 
been  quickly  rinsed  in  distilled  water  the  sections  are  ready  for  the 
final  reduction, 

3.  The  reduction.  Each  slide  is  placed  obUquely  in  a  separate 
vessel  with  the  sections  looking  lowermost  to  prevent  the  gold 
precipitate  settling  on  them,  and  the  vessel  is  then  filled  with  1  per 
oent.  formic  acid  and  exposed  continuously  for  6  to  8  hours  to  the 
direct  sunlight  if  the  temperature  does  not  rise  above  20°  C,  or  other- 
wise into  as  bright  a  light  as  is  obtainable  by  reflectors. 

Should  one  so  desire  it,  tho  nuclei  may  he  stained  in  the  usual 
manner  and  the  preparation  Ix*  finally  mounted  in  balsam. 

Lee*  recommends  to   reduce  in  a  weak  solution   of  formalde- 

'  Tlie  ether  is  added  to  allow  the  Umum  to  sink  in  the  chloroform. 
*  Lee  and  Majrer,  GnmdaUg*  d,  mikr.  Ttcknik,  040  (,1901). 
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hyde,  with  or  without  an  addition  of  formic  acid  (to  that  normally 
present). 

Material  imbedded  in  paraffin  keeps  indefinitely,  as  does  that  in 
celloidin,  provided  the  celloidin-blocks  are  preserved  in  glycerin 
jelly  to  which  some  thymol  has  been  added. 

V.  Eupfibr's  gold  methods. 

▼.  Kupffer's  methods  of  demonstrating  the  star-cells  and  the  con- 
nective  tissue  of  the  liver  are  discussed  on  pp.  267  and  a68. 


PART  VI. 


CHAPTEK  XXIL 
On  the  Chemistry  op  some  Tissue  CoNSTiTUEWta. 

Ix  giving  a  short  summary  of  some  facts  bearing  on  tho  chemistry 
of  th«  cell,  only  those  points  will  he  touched  upon  which  seem  to 
have  a  distinct  bearing  on  the  principles  underlying  the  process  of 
staining.  Assuming  that  the  majority  of  staining  reactions  are  com- 
parable to  the  process  of  salt-formation,  if  they  are  dependent  at  all 
on  chemical  affinity,  the  following  questions  natundly  suggest  them* 
selves ;  ^Vhich  tissue  elements  are  basic,  which  acid  in  their  character  ? 
Do  certain  tissues  contain  radicals  which  are  absent  in  others?  Can 
tissues  act  as  oxidizing  or  reducing  agents? 

Bases.  If  we  adopt  the  view  of  Kossel  and  his  followers,  we  must 
regard  as  the  chief  basic  constituents  of  the  cell  the  two  BubstanceB 
prot&min  and  histone. 

Protamin  was  discovered  by  Miosclier  in  the  milt  or  spermatic 
fluid  of  the  salmon.  It  is  now  called  salmin  by  Kossel,  wlio  reserves 
the  term  protamin  as  the  generic  name  for  that  group  of  Itasic  sub- 
stances conforming  in  its  behaviour  to  salmin.  Thus  from  the  milt 
of  the  herring  clupein,  from  that  of  the  sturgeon  sturin,  have  been 
prepared.  From  the  spermatozoa  of  the  carp,  ox,  and  boar,  no  pro- 
tamin was  obtainable  but  anotlier  (Ijasic)  proteid,  while  from  the 
sea-urchin,  Arbacia,  a  histone-like  substance,  arbacin,  can  be  isolated. 

Diamiih  acids.  By  the  decomposition  of  protamin  are  formed  the 
Bcxalled  hexone  bases,  namely  lysin  or  diamido-caproic  acid  ;  arginin 
or  guanidin-diamido-valerianic  aci<l ;  Ij'satin^  which  is  perliaps  only 
a  compound  between  lysin  and  arginin  ;  and  finally  histidio 
[C,H,N,O.J,  of  unknown  constitution. 


Lysin 


NH,  KH, 

H    I     H   H    I        jy 
H-C— C— C-C— C-C  < 
II    H    H   H    H       ^OH 


ira,  NH, 

I  HUH     I 

Arginin    HN=C— N— C-C— C— C-C< 

H    H    H   H   H        "OH 

The  hexone  bases  are  thus  diamido  acid  compounds,  forming, 
as  shown  by  Koesel,  definite  basic  nuclei  called  protamins,  round 
which  the  less  basic  (or  acid)  mono-amido  acids  group  themselves. 
(The  mono-amido  acids  are  mentioned  on  p.  28a.) 

Uistone,  first  isolated  by  Kossel  from  the  red  corpuscles  of  goose's 


282     CHEMISTRY  OF  SOME  TISSUE  CONSTITUENTS 


blood,  19  characterized  by  the  following  reactions' :  Heat  precipitates 
it  only  in  the  presence  of  salts,  and  tiiLMi  never  completely ;   nitric 
acid  forms  a  precipitate  iu  the  cold  which  disappears  ou  heating  and 
reappeara  on  cooling  ;  ammonia  forms  a  precipitate  soluble  in  the 
smallest   excess   of  the  reagent,    provided  Siilts,   and   in   particular 
ammonia  salts,  are  absent  (other  alkalies  are  said  to  behave  similarly) ; 
the  '  alkaloid al  precipitants,'  namely,  phosphotungstate,  phosphomo-. 
lybdate,  sodium  picrate,  and  the  potassium  ferrocyanate,  require  noj 
previous  addition  of  an  acid,  as  in  the  case  of  proteids,  and  thereforo  < 
Iiistones  are  true  bases  and  not '  pseudo-bases  -.'  They  act  by  displacin^^ 
the  potash  of  the  ferrocyanate,  Ijecoming  simultaneously  insoluble. 

llistone  diflFera  from  all  other  'proteid*  substances  essentially  in 
two  points,  namely,  its  high  percentage  of  hexone  bases  (see  above), 
and  the  basic  character  of  the  molecule  as  a  whole. 

Aa  examples  of  histone  may  be  enumerated  the  nucleo-histone  of 
the  thymus  (Lilienfeld),  and  the  globin  constituent  of  haemoglobia 
(Preyer  and  Schulz '). 

The  micro-chemical  reactions  are  given  on  p.  320* 

Two  other  basic  radicals  closely  related  to  one  another  are  cholin  and 
neurin*.  Of  these,  cholin  is  for  micro-chemical  reasons  the  more  im- 
portant, as  it  forms  one  important  constituent  of  lecithin  (see  p.  3l2)t 

CfioUn  is  triihethyl-hydroxyethyl-ammonium  hydroxide 

and  was  synthetized  by  Wurtz"  from  ethylene  oxide  CjH^O,  Iri- 
methylamin  (CH,)^N  aiid  water.  It  is  a  strongly  basic  substance 
absorbing  carbon  dioxide  from  the  air,  and  decomposing  on  being 
boiled  with  water  into  trimethylamin  and  glycol. 

Acid  alhiiniin^  are  compounds  of  an  acid  with  denaturalized  albu* 
min,  the  latter  playing  the  part  of  a  base.  When  we,  therefore, 
stain  acid  albumins  uith  acid  dyes  we  are  staining  basic  compount 

Mono-amklo  acids.  It  has  to  be  borne  in  mind  that  these  bodies 
may  act  either  as  bases  or  as  acids,  the  basic  character  depending  on 
the  pi^sence  of  the  araidogen  group,  NHj,  while  the  acid  tendencies 
are  due  to  the  carhoxyl  group,  COOH. 

Glycoeoll  or  amido-acetic  acid,  CH,j(NHJCOOH,  unites  with  hydro- 
chloric acid  to  form  the  hydrochlorate,  CHj(NH,)COOH— HCL  fwith 
the  base  copper  to  form  copper-glycocoH,  [CHj(NH,}COO],Cu  +  H_,0  ; 
and  with  the  basic  amidogen  to  form  glycocoll-amide,  CHj(NH.J 
— CO(NHJ, 

Amido  acids  are  divisible  into  the  fatty  and  the  aromatic  series. 

*  These  liave  been  kindly  arranged  for  me  bj'  W.  A.  Oabome,  The  accounts 
in  textbooks,  e.  g.  in  Hnmmnrsten,  are  very  vn^o  because  substances  differing 
widely  iu  thoir  properties  are  indiscritninately  termed  Iiistone.  See  also 
Cohnhcim,  Chemistry  of  Prolf ids,     English  translation  (MaomillaD). 

'  Koss«t  and  Kut><cher  :  Zeitsctt./.  phi/s.  Chem,  SI,  a  10  (1900). 

'  W.  Preyer  :  Pjiiif/efs  Arch.  1,  395  (1868),  and  Die  BlutkrysUdle  (Jena,  1871)  } 
F.  N.  Scbulz  '.  Zcifsch./.  j>Ai^oi.  Chem.  24,  449  (1898) ;  ibid.  25,  16  (1898). 

'  The  constitution  of  neurin  is  fully  diseusbod  in  Neumeister'a  Lehrhuch  d, 
ph'jnoLChemie,  91-93  (Edition  1897), 

•  Wurtz  :  Ann.  d,  Chem.  it.  Fharm.  SuppL  6,  116  (1868), 
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The  fatty  amido  acids  contain  the  NH,  group  always  in  the  a-posi- 

tion,  and  are  represented  by  the  glycocoll  just  mentioned,  and  by 

leucin  or  amidt>-caproic  acid.  CH,^CH,),—  CH{NH.)COOH,  while  the 

chtt^f  rcpresentfttivcs  of  the  aromatic  series  are  : 

Tvrasin,  C,H,(OH-CII,— CH(NH,))— COOH.  i  :  4, 

Pheriyl-u-amidopi-opionic  ncid,  C,Ht.(CH  — CH(NH,))COOH,  and 

Skatol  amido-ftcetic  acids.    These  aromatic  amido  acids,  according  to 

Nencki,  Hopkins  andCo<jper,occur  normally  in  the  cell.  See  also  p.  324. 

True  acids: 

(a|  Nucleic    acids.       [For    example    from    salmon    apermatozoa, 

C^^^Ni^O,^ — 2P,.0;,.]   AUmann  '  (1889),  the  discoverer  of  this  group 

of  substances,  isolated  the  first  acid  from  yeast.     Since  then  many 

similar  bodies  havo  been  discovered  :  and  these,  according  to  Ham- 

marsten,  may  be  grouped  into  two  classes,  namely  (i)  nucleic  acids 

containing  a  non-reducing  group  forming  laevulinic   acid  (KosselV 

as,  for  example,  tho»ie  obtained  from  the  spermatosoa  of  the  salmon 

and  from  the  thymus,  and  (2)  acids  which  possess  ft  pentose  (guanyl) 

or  n  hexose  (yoost)  radical  (Kossel,   Bang).     All  nucleic  acids  are 

characterized  by  the  presence  of  a  comi^aratively  large  amount  of  pho«« 

phorus,  and  by  the  absence  of  sulphur  ;  the  phosphonis  stands  to  the 

nitrogen  in  the  proportion  of  i  :  3.  as  in  the  thymus-,  salmon-,  and 

yeast-nucleic  acids,  or  in  the  propoi-tion  of  i  :  5,  as  in  guanyl  (Kossel, 

Liebermann^l,     Nuclt^ic  acid  is  a  dibasic  acid. 

By  prolonged  treatment  with  dilute  acids  or  alkalies,  nucleic  acids 

are  decomposed  into  the  so-called  nuclein  bases  or  alluxiii'e  bases ; 

for   exampLa,  into    hypoxanthin,  xanthin,  adenin,  guaniu,  &c.     All 

these  bodies  are  related  to  uric  acid,  and  are,  as  has  been  shown 

hy  E.  Fischer,  derivatives   of  purin,  which    contains  a  metadiazin 

„^  N=CH         ,        .    .,        ,      .       HC— NH\^„ 
HC^^jT  ,  and  an  imidoazole  nng  j,^ fi    -?^"- 

By  the  oxidation  of  purin,  the  substances  hypoxanthin,  xanthin, 
and  uiic  acid  are  foruied,  while  from  its  amidozation  adenin  results. 


I  e 
N=CH 

I I  5 1    7 
CH  C— NH, 


N— C 


Purin. 

HN-CO 

I      I 
OC    C— NH 

(      II  J^CH 

HN— C— N^^ 
Xanthin 

(2,  6-oxypurin)^ 


\. 


HN-CO 

t      I 
HC    C— NH 

Ilttpoxanthin  (6-oxypurin). 

HN— CO 

I      I 
OC    C— NH. 

I      II  >C0 

UN— C-NH^ 
Uric  Add 
(a,  6,  8-trioxypurin). 


'  AltmAnn:  Du  J9i>a-iiavnw»ii<r«  UrcA.,  Pk^ol.  AhOuil.  (1889I,  p.  524. 
*  LiolMrmann :  lytOgm't  Arth.  47  ;   and  CmtralbL  /.  d,  tned.  K'tiMiuoA.  465  RUd 
738  C»893). 
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HN=-CO 

I  I 
KHjC      C-NHv 

II  II        >CH 
N — c  -  w 

Cruanin 
(2-amIdo — 6-oxypurin). 


HN=C-NHj 

I  I 

HC    C— NH. 

II  II  >CH 

N=C— N>^ 

Adcnin 
(6-aiiiidopiirin). 


Nucleic  acids  combine  with  proteids  in  varying  proportions  to 
form  nucleo-proteids  or  nucleins,  a  group  of  substances  characteristic 
of  all  nucleated  cells,  and  containiuK  a  large  amount  of  iron,  which 
latter,  according  to  Ascoli  \  is  linked  on  to  the  nucleins  by  naeans  of 
hexa-mctaphosphoric  acid.  With  histone,  as  was  first  shown  by 
Kossel  and  Lilienfeld  *,  nucleo-histones  are  formed. 

My  experiments  have  shown  that  the  piii-e  base  protamin  (prepared 
from  clui>ein  sulphate  with  barium  carbonate)  unites  with  pure 
nucleic  acid  to  form  a  voluminous  precipitate,  while  it  fails  to  give 
n  precipitate  with  either  pure  glycocoll  or  tyrosin. 

As  under  the  action  of  hydrochloric  acid  the  nuclein  base  hypoxan- 
thin  has  been  shown  to  absorb  water  and  to  become  converted  into 
glycocoll  according  to  the  equation  CftIl4N,0  +  7HP  =  C.HJNO^- 
3NH3+CO,. -f- HCOOH,  a  certain  relationship  Ijetween  this  fait 
amido  acid  and  nucleic  acid  must  exist 

Knowing  then  that  protamin  and  nucleic  acid  unite  to  form  a 
solid  body,  while  protamin  and  glycocoll  do  not,  we  have  to  suppose 
that  in  whit«  fibrous  tissue,  from  which  glycocoll  is  obtained,  some 
substance  must  exist  which  is  intermediate  in  its  character  Ijetween 
nucleic  acid  and  glycocoll,  and  which  plays  towards  the  basic  pro- 
tamin the  part  of  an  acid  \ 

Nucleins  behave  as  fairly  strong  acids,  because  of  their  unsatisfied 
affinity  for  bases,  while  white  fibrous  tissue,  which  we  have  to  regard 
as  a  special  nucleo-amido  acid  compound,  has  a  neutral  reaction. 

(b)  ri/rrolidin-caihoTifUc  acid  is  referred  to  on  p,  325. 

(c)  3£€tapho.*q}Jionc  acid.  Thomas  Gndiam  *  (1833)  showed  that 
metaphosphoric  acid  lias  the  power  of  coagulating  white  of  egg, 
while  orthophosphoric  and  pyrophosphoric  acids  have  not. 


Metaphosphoric  acid  ^  HO— P<^    (or) 


HO-P<   I 


\ 


0 


H0\ 

Orthophosphoric  acid  =  HO— P=0 

ho/ 


(or) 


HO 
HO 


>P^O-HO 


•  Hoppe-Seyler's  Physiol.  Chemie,  29,  436  (1899). 
'  Zeitteh.  /.  phyaiol.  CJiemie,  18. 
'  To  wbAt  extent  nldehydo,  alcohol,  and  especially  oyauogen  radicals  participate 

in  the  formation  of  proteida  ia  as  yet  quite  impossible  to  say,  and  no  roforenct) 
will  be  made  to  these  bodies.  It  is  diffvreut,  however,  with  tho  carbohydratea, 
to  which  I  shall  refer  later. 

•  Graham  :  Phil.  Tram.  2,  853  (1833). 
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HO-P-0-OH 


g^?=o 


I 
Pyrophosphoric  acid  —  ttq    0  (or)  O 

HO/  P-0  HO— P— O— OH 

Metaphosphoric  acid  combines  with  proteid  to  form  pseudo-nueleins 
(LiebermaDti),  substances  found,  for  «xaiii|*le,  in  the  yolk  of  e;,'f:^  and 
in  casein.  Milroy  '  has  pointed  out  that  as  yet  it  is  impossible  to 
construct  a  '  p.seudo-nueleic '  acid  comparable  to  the  true  nucleic  acid. 
Tlio  absence  of  the  nucleic  acid  in  pseiido-nucleins  is  further  shown  bj'- 
tht<  fact  that  no  alloxure  bases  can  (see  p.  283I  be  derived  from  them. 

As  amongst  true  nucleins,  so  amongst  the  pseudo-compounds  two 
groups  may  be  »listinguished,  one  of  whicli  contains  no  carbohydrate 
radical  (casein-pseudo-nucleini  while  the  other  does  (ichthylin-pseudo- 
nucleinV 

\tf)  Ghfcerophnspftoric  acid  is  formed  by  combining  orthophos- 
phoric  acid  witli  glycerin,  when  oue  of  the  hydroxy!  groups  of  the 
trtbasic  phosphoric  acid  becomes  replaced  t.iy  the  glycerin  remainder, 
thus*: 

CH,OH 

CHOH 

CH..O-PO<g^ 

Glyceiv-phoftphoHc  acid  in  combination  with  fatty  acids,  such  as  oleic, 
palmitic,  and  stearic  acids,  forms  with  the  base  cholin  (trimethyl* 
hydroxyethyl-aramoniura  hydroxide),  [  HO — N(CH,)j — €^1^ — OH], 
substances  known  as  lecithins  (see  later,  p.  312). 

Lecithins  in  their  turn  unite  with  albumins  to  give  rise  to  lecith- 
albuminH,  aa  for  example  to  ovovitellin  *.  In  this  instance  the  albu- 
min acts  probalily  as  a  base  towards  lecithin. 

(e)  Plu^phocamic  acid  (C,  H,bN,0,)  wm  discovered  by  Siegfried*, 
according  to  whom  it  is  a  normal  constituent  of  muscle,  forming 
with  alkaline  earths  readily  soluble  compounds,  which  act  as  carriers 
of  iron  salts. 

(/)  Chondro-sttlphuric  acid  (CjIIj^NSO,-)  occurs  in  cartilage,  the 
tunica  intima  of  the  aorta  (C.  Murner),  in  the  kidney,  in  human 
urine  |K.  Mtirner),  and  the  ligamentum  nuchae'  (Krawkow).  The 
last  observer  has  further  found  that  its  combination  with  mucin  or 
mucoid  forms  the  pathological  substance 'amyloid.'  This  oltserva- 
tion,  as  Hammarsten  points  out,  accounts  for  chondro-sulphuric  acid 
having  been  obtained  by  Oddi  from  livers  showing  amyloid  degenera- 
tion. 

*  Roy.  Sm.  Edinburghf  De«.  1896. 

*  Neunieiater :  I'kytkL  Chtwi,  91. 

*  Liebfrmana  :  PjtQger't  Arch.  SO,  ss  And  55  ;  aIu)  65,  573.  Nerking  :  Hid.  85, 
330  (»9o»-. 

'  Max  Siegfried  :  Du  BoiM-RaynumtCt  Arck.  (1894),  p.  401  ;  lee  aLro  Balk«  «nd 
Ide  :  Ztittch.f.  phvsid.  Chrmie,  21  iind  22. 

*  Choodro-aulphuric  aeid  +  gelatia  ~  chcmdrin. 
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Since  then  Levene'a  researehes '  have  made  it  very  probable  that 
it  exists  in  all  mucins,  and  if  one  may  rely  on  micro-chemical  re- 
actions (aee  p.  2i6)  it  also  occurs  in  white  fibrous  tissue. 

According  to  Schmiedel)erg '  ehondro-sulphuric  acid  has  thoii 
following  constitution ;  C,jH,,,NSO,^  On  decomposition  it  gives 
rise  to  sulphuric  acid  and  the  monobasic  chondroitin  (C,gH„,NO,^). 
The  hitter,  when  treated  with  dihite  mineral  acids,  becomes  hydrated 
and  fiptit,s  into  acetic  acid  (CjII^O,,)  and  a  gom-like  body,  chondrosin 
(CnHjiNOij),  possessing  towards  Fehling^s  solution  a  stronger  reducing 
power  than  grape-sugar. 

Chondro-aulphuric  acid  when  in  a  neutral  solution  is  precipitated 
by  stannous  chloride,  basic  lead  acetate,  neutral  ferric  chloride,  and 
also  by  alcohol  in  the  presence  of  some  neutral  salt,  while  it  is  not 
thrown  down  by  acetic  acid,  tannic  acid,  the  ferrocyanide  and  acetic 
acid  mixture,  lead  acetate,  sublimate,  or  silver  nitrate. 

With  acid  solutions  of  alljumin  and  gcdatin,  neutral  solutions  of 
ehondro-sulphuric  acid  give  a  coagulum,  foi-ming  the  group  of 
chomlrn-proteida  or  chondro-mucoids, 

{ff)  Miuitis  resemble  the  last-mentioned  class  of  substances  in 
giving  rise  to  reducing  bodies  on  boiling  with  dilute  mineral  acids,  aa 
first  shown  in  1865  by  Eichwald  ',  and  hence  tlioy  are  known  asglyco»| 
proteids.  Leucin  and  ty rosin  may  be  obtained  from  them,  but  not 
the  xanthin  group  (see  above,  p.  283),  and  hence  no  proteid  colour 
reactions  are  obtainable.  Sulphur  is  always  present.  As  compared 
with  other  proteids  they  contain  much  less  carbon  and  nitrogen,  but 
a  great  deal  of  oxygen  because  of  the  presence  of  a  nitrat'od  deriva- 
tive of  dextrose  wlu'ch  its  discoverer,  Friedrich  MQller',  ha.s  called 
glycosarain.  In  all  probability  this  substance  exists  normally  as  an 
ftmido-i)olysaccliarid  (see  p.  297). 

Mucins  are  strong  acids  probably  owing  to  their  ehondro-sulphuric 
acid  radical.  They  turn  litmus  paper  red,  and  they  are  precipitable  by 
acetic  acid,  in  wliir.:h  they  are  more  insoluble  than  in  mineral  acids. 
They  are  veiy  readily  decomposed  by  .alkalies. 

It  19  advisable  to  adopt  Cohnheim's  cliissification,  by  restricting  the 
tenn  mucin  to  those  substances  which  ai-e  excreted  by  epitht4ial  cells 
and  to  reserve  the  name  mucoid  lor  closely  allied  bodies  which 
occur  in  vaiious  oi^^ans  of  the  body,  such  as  the  vitreous  humour, 
the  cornea,  tlie  umbilical  cord,  and  tendons,  Cohnheim  includes 
amongst  the  mucoids  the  chondro-mucoids  above  referred  to  undef^ 
the  heading  of  ehondro-sulphuric  aeid. 

[fi)  Alkuti  aUmmins  are  sufficiently  strong  acids  to  decompose 
calcium  carbonate  |CaCO,)  and  thus  to  set  free  carlxinic  acid  (llam- 
marsten*}.  Acid  albumins  do  not  possess  this  power.  The  probable 
explanation  is  that  albumin  when  it  becomes  converted  into  the 

'  P.  A.  Lovont* :  'Zur  Clicmio  d.  Mucine,'  Ztittth.f.  physiiH.  Chem.  81,  395  (1901). 
'  Schmicdeberg  :  Arch./.  «xperi>n.  Path,  und  Pharm.  28. 
'  A-  Eiehwtild  :  Antml.  d.  Cftem.  u.  Pharm.  134,  177  (1865). 

'  F.  MQller  :   'ScLloim  der  Beapirationsoi^ane,'  Sitsb.  d.  Qea.  e.  B^/urd.  d,  geg, 
Xaturw.  t.  Marhwg,  (1896)  p.  53,  (1898)  p.  117. 
•  HAtnmarateu  :  Physiol,  Chem.  p.  3a. 


ALBUMINS  AND  PEPTONES 


287 


I 


alkali  salt  changes  its  nature  completely,  as  it  gives  off  the  ammonia 
bases  {ami  also  sulpliur).  and  pprhaps  also  because  certain  radieals, 
playing  the  part  of  pseudo-acids,  are  converteil  into  tnie  acids  (see 

(i|  Katuml  alhumins  are  compounds  consisting  of  both  acid  and  basic 
radicals,  as  they  contain  di»mido-acid  compounds  {protuminl  and 
nucleic  acid  derivrttivea.  In  their  reaction  albumins  are  uormally 
neutrnf.  but  may  aip:rjuire  a  wtrongJy  acid  or  b:isic  character  under 
cerlain  conditions,  as  explained  in  the  chapter  on  jiseudo-acids  and 
pseudo-bast's  (p.  25). 

C.  84'hn)idt'  in  1847,  Mulder*  in  1851,  Danilow«ki '  in  1880, 
hut  esi^pcially  Sj<:'»gvi6t  *  in  1895.  were  the  first  to  study  the  com- 
pounds which  albumin  forms  with  liydrocbloric  acid.  The  last 
named  employed  the  van  't  Hoff-Arrhenius  method  of  studying  the 
electrical  conductivity  of  albuminB  and  of  their  com  pounds  with  acids. 
Furtlier,  Paal "  (1894)  stated  that  albumin  according  U*  its  degree  of 
hydrulytic  decomposition  (peptonization)  shows  a  gradually  increasing 
power  of  absorbing  acids.  After  Sjligvist  had  determint-d  that  albu- 
min can  bind  3-65  per  cent,  of  hydrochbirlc  acid,  Cohnheim  in  1896* 
found  that  2-5  i>er  cent,  solutions  of  the  following  suhstanccs  can 
combine  as  regards  their  own  weight  with  these  quantities  of  hydro- 
chloric acid : 

Protalbumose   . 
Dcutoro-albumose     . 
lletiTo-iil^unioso 
Aiilipvpr<iait 

"With  greater  concentration  of  the  albumin  solutions  and  an  excess 
of  acid.  Spiro  and  Pemsel'  have  obtained  still  higher  figures;  tluia 
the  acid  capacity  of  egg-albumiii  and  crj'stallized  serum-albumin 
is  respectively  5-10  and  ii-23.  Sjfigvist  finds  that  egg-albimiin  con- 
sidereti  as  a  base  is  1-87  times  stronger  than  glycocoll.  3-5  times 
stronger  than  asparagin,  but  74*2  times  weaker  than  anilin. 

The  observations  of  Erb  are  given  on  p.  23. 

This  power  of  different  *  proteids '  to  combine  with  varying 
amounts  of  acids  is  direi-tly  applicable  to  histological  investigations, 
if  tissues  have  been  tixed  in  '  neutral '  media  such  as  alcohol.  The 
importance  of  this  will  !»  shown  later  (p.  320). 

(Jt)  Aniiprpdme  prfpand  by  KUhne's  method  '  behaves  towards  basic 
dyes  such  as  toluidiu-blue  or  nielliylone-blue  as  a  strongly  acid 
substance,  as  was  first  noticed  by  L.  II.  Huie*  working  under  uiy 

*  C.  Sohmidt :  '  Ubor  d.  Wes«n  d.  Vordannogsproceflsea,'  Ann.  d.  Ch$m,  M.  F%arm, 
61,3ii(i847>. 

*  Mulder  :  Vcmtrh  e.  aUgtm.  phytkl.  OumU  (Bratinwhweig,  1651). 
'  Duailowski  :  CtntraiU.f.  d.  tned.  H'lia.  939  (1B80). 

*  S^'lgvi-st :  '  Phyaiologifich-chviuiseho  Beol).  0.  Salzulure,'  Skand.  Arch./.  Phyatol, 
6,  a77(i894'  ;  6,  955  (i895\ 

*  C.   Pm)  :  Ber.  d.  dfutJKK  rArnt.  Om>MKM.  26,  taoa  (1893) ;  and  27,  1897  (1894). 

*  (.>)hnhviin  :  Zriiirh./.  Biol.  88,  489-530. 

^  Hpiro  nnd  PrmM>l  :  ZtiUek./.  phf.  Chcm.  26,  933  :i89e-99\ 

*  KQhne  :  Vtrhat\di.  d.  naturhi§tcr.  VtreintM  UeidtlUrg,  N.F.  3. 

*  Mim  L.  H.  Huie  :  V-  J-  Mtcro*.  Sc.  39,  HjS.  p.  387  ( 1896-7  >  ;  &nd  42,  NJS. 
p.  »o3  t»899. . 
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directions,  and  has  also  been  observed  subsequently  by  A.  Fischer '. 

M-  Siegfried  '  has  since  ahonii  that  Ktihne's  peptone  is  a  mbcture  of 
albumosGS,  mono-  and  diamido  acids,  out  of  which  by  precipitation 
with  ammonium  sulphate  in  conjunction  with  ferri-animonia  alum 
(iron  ahim)  two,  chemically  constant  and  pure,  monobasic  acid  sub- 
stances may  be  obtained,  giving  an  intense  biuret  but  no  Millon's 
reaction.  These  two  acids  have  the  formulae  Cu,N,H„0^  =  a-anti- 
peptone,  and  CjiN,H,,Ojs  —  /?-antipeptone.  The  second  acid  thus  con- 
tains an  additional  CH..  ^roup. 

Both  acids  as  well  as  amphopeptone  on  being  inspissated  on  a  w^ater 
bath  are  reconverted  into  albumoses. 

Not  only  do  *  proteids '  act  as  bases,  but  they  may  also  unite 
with  bases,  being,  under  certain  conditions,  acid  in  their  character, 
as  first  shown  by  St.  Bugarszky  and  Liel>ermann ",  and  later  by 
Spiro  and  Ptmsiil*,  who  have  found  the  capacity  for  bases  to 
amount  in  egg-albumin  to  2-45  per  cent,  and  in  serum-albumin  from. 
3-22  to  6-14  per  cent 

Generally  speaking,  the  capacity  for  acids  is  greater  than  that  for 
bases. 


CHAPTER  XXIII. 

Detection  of  Tissue  Constituents  by  CHEjncAL  Meaxs. 

Hicro-clienxical  Eeaotiona. 

Under  this  heading  we  may  distinguish  two  distinct  classes  of 
reactions,  namely,  those  which  we  can  explain  and  those  which  we 
cannot  as  yet  account  for  from  the  chemical  point  of  view.  For 
example,  we  may  demonstrate  the  presence  of  iron  in  the  tissue  by 
the  same  tests  which  chemists  employ  for  its  detection  in  the  test- 
tube,  or  as  it  is  termed  by  scholars,  in  vitro.  On  the  other  hand,  we 
may  isolate  certain  elements  in  the  tissues  by  staining  reactions,  as,  for 
example,  elastic  fibres  by  Weigert's  stain,  without  knowing  either 
the  constitution  of  the  colouring  matter  or  that  of  the  tissue. 

To  perform  a  biuret  reaction  or  xnntlio-proteic  test  without  knowing 
to  whiit  the  reaction  is  due,  or  at  least  without  having  made  strenuous 
efforts  to  understand  the  interrelationship  of  the  reagents  and  the 
substance  tested  for,  does  n«t  represent  to  me  true  chemistry,  but 
simply  a  blind  mechanical  dabbling.  It  is  true  that  many  reactions 
are  found  by  chance,  and  that  it  takes  time  to  interpret  them,  but  do 
not  let  us  use  such  reactions  without  troubling  as  to  their  signifi- 

^  Fiaclu'r  :  iJaw,  StruMur  etc.  d.  Froiofl. 

*  SiegfriBd  :  '  Uber  Antipepton,'  Ber.  d.  deutath,  chem.  OeaeHseh.  83,  s>85t-a8s8 
(October,  1900). 

'  St.  Bugurszky  and  Liebemk&nn  :  '  BindungavermOgen  eiwei'asartiger  KCrper 
fDr  Salzsfiure,  Natronlauge  u.  Kochoalz,'  PJlOger's  Arch.  72,  51  (1898). 

*  Spiro  and  Pemael  -.  ZeiUch./.physioL  Chem.  26,  366-370  (1896-99). 
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cance ;  and  yet  how  few  histologists  ask  themselves :  What  am 
I  doing  in  using  a  red  or  blue  anilin  dye,  or  haematoxylin?  what 
is  the  chemical  nature  of  these  substances,  and  what  is  thai  of  the 
tLBSues  I  am  experimenting  on  ? 

To  ascertain  the  presence  of  chemical  elements  in  the  diflferent 
cell-organs  is  of  fundamental  importance,  and  no  one  has  done  better 
work  in  this  connexion  than  Macallum,  but  there  is  a  further  develop- 
ment possiWe,  namely,  the  recognition  of  complex  molc»cules.  The 
latter  method  works  as  yet,  although  it  may  adopt  a  certain  sys- 
tematic line  of  procedure,  quite  empirically,  and  it  i&  rather  chance 
than  ingenuity  which  places  the  first  clue  into  our  hands. 

(a)  Methods  for  ektermininff  (he  aU-alinittf   and  acidity  of  tissue 

elemcntji. 

In  the  previous  chapter  the  chief  acid  and  basic  substances  have 
been  enumerated  which  will  react  with  basic  and  acid  dyes,  and  the 
method  for  ascertaining-  the  presence  of  free  bases  has  already  been 
given  on  p.  214.  It  will  suffice  to  once  more  call  to  mind  the  fact 
that  pure  albumin  crystals  in  ammonium  sulphate,  prepared  by 
Hopkins's  method,  give  a  distinct  basic  reaction  with  the  test  of 
Mylius. 

Of  acid  reactions  there  are  several.  Using  any  strongly  basic  dye, 
it  is  easy  to  procure  a  deep  staining  (i|  of  the  nuclear  'chromatin* 
segments  ond  of  Nissl's  bodies  in  nervo-cells,  owing  to  the  presence 
of  nucleic  acid  (?)  or  its  derivatives  nuclein  and  nucleo-proteida ; 
(2)  of  mucous  and  hyaline  cartilage,  because  of  the  chondro-sulphuric 
acid  they  contain. 

Having  obtained  a  definite  reaction  with  basic  dyes,  we  can  do  no 
more  than  draw  the  legitimate  conclusion  that  acids  are  present  in 
the  tissue.  We  know  nothing  as  to  what  the  natui-e  of  the  acid  may 
be  (jtfathews.     See  p.  348). 

(6)  Test  for  reducing  sulslances. 

Cross  and  Bovan  had  observed  that  jute  fibre  stains  intensely  blue 
in  a  ferri-ferricyanido  9oluti<»n,  and  explained  their  result  on  the 
aolid  solution  theory  of  Witt  (p.  330),  but  Weber'  pointed  out  that 
the  reduction  of  the  double  ferricyanido  compound  depended  on  the 
aldehydo  group  present  in  jute. 

If  equal  quantities  of  one  percent,  solutions  of  freshly  prepared  ferri- 
eyanide  and  ferric  chloride  are  mixed,  u  pale  yellowish-brown  solution 
is  obtained.  To  demonstrate  a  reducing  substance  in  the  cells, 
specially  abundant  in  the  cell-plasm,  proceed  thus : — Sections  of 
material  fixed  in  alcohol,  according  to  the  method  stated  on  p.  146, 
are  fixed  to  glass  slides  in  the  usual  way  (p.  373) ;  the  paraffin  is  re- 
moved with  benzene,  the  benzene  with  pure  ethyl-alcohol ;  the  sections 
are  carefully  washed  in  water  to  remove  all  traces  of  the  alcohol ; 
a  couple  of  drops  of  ferri-ferricyanide  are  placed  on  the  sections,  and 
covered  at  once  with  a  cover-glass  ;  a  ring  of  paraffin,  melting-point 
62*^0.,  is  drawn  round  the  cover-glass  to  prevent  evaporation  of  the 
'  Web«r :  Jvum.  Soc  Cktm.  JndutL  18,  laa  (1894). 
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iron  Bolution,  and  the  preparation  is  kept  at  about  30^*  C.  for  half  an 
hour  or  longer,  when  a  distinct  blue  colouration  will  be  observed. 

(c)  Tests  for  cJiemical  cmnpounds. 

A.   Inorganic  Constiuents. 

I.  Iron. 

The  first  observer  who  endeavoured  to  determine  the  presence  of 
iron  in  the  tissues  was  J.  Vogel  (1845),  who  used  ammonium  sulphide. 
Zaleski  confirmed  Vogel'a  observations  by  placing  liver-sections  for 
2-30  minutes  in  a  watery  or  alcoholic  solution  of  ammonium  sulphide, 
and  sulisequently  in  2  per  cent,  alcoholic  or  watery  hydrochloric 
acid,  and  obtained  the  typical  greenish-black  colouration.  He  further 
showed,  by  compai'iug  sections  cut  with  glass  knivts  and  clean  steel 
inetniments,  that  the  latter  may  be  safely  used  for  sectioning  tissues. 
Perls  in  1867  "  demonstrated  the  iron  by  treating  tissues  firstly  with 
dilute  ferrocyanide  and  then  with  hydrochloric  acid  '*,  which  decom- 
poses the  iron  compounds  in  the  tissue  and  thua  allows  of  the  formation 
of  Prussian  blue. 

According  to  W.  W.  FieWier,  ferrous  and  ferric  salts  interact 
according  to  the  following  formulae: 

(i)  K.FeC.N.+  FoCIj  =       KFe,C,N,  +  3KCl 

Pot,  ferrocyanide  +  ferric  chloride      =  Pot.  Iron  Cyanides  = 

soluble  Prussian  blue. 
(a)  KjEeC^N.  +  FeCl,  «    KFe,C,N,  +  aKCI. 

Pot.  ferricymiide -t- ferrous  chloride  =    Pot,  Iron  Cyanidea  = 

soluble  Prussian  blue. 
FerCy.,  =  (3)  3KFe,CJ^,  +  FeCI,  =   F©,C,,N„  +  3KC1  = 

insoluble  Prussian  blue. 
Soluble  Prussian  blue  +  ferric  chloride  =:  insoluble  Pixissiiin  blue, 

containing  nn  potash. 
FejCyij  -  (4)  Soluble  Prussian  blue  +  fen-oas  chloride  =  FejCuN,,  +  2KCI  — 

TurnbuH's  blue. 
FeOy,     =  (5)  Potassio- ferrous  ferrocjanide  •=  K,jFe  +  FeCy, * K»F©,Cji 

aK,FeCy«  +  aH^SO,  =  6HCy  +  K,Fe,Cy,  +  3K«S0« 
Pot.  ferrous  ferrocyanide  on  ex^io.Hure  to  air  becomoa  potassio-ferrous  ferri- 
oyanide(KFe.FtCy»  =  KFe,Cy,)  which  is  soluble  in  pure  water  (free  from  salts)  and 
has  a  deep  blue  colour.     It  is  often  called  soluble  Prussian  blue  [Forster  Morley). 

Although  free  iron  is  readily  recognized  by  the  above  means,  there 
are  certain  other  iron  compounds  which,  to  use  the  expression  of 
Molisch',  are  masked,  which  means  they  are  not  recognizable  by  the 
ordinary  testa  for  iron.  The  method  which  Molisch  used  to  liberate 
the  masked  iron  consisted  in  the  decomposition  of  the  organic  com- 
pounds with  concentrated  caustic  potash.  The  proct'dure  is.  however, 
not  to  lie  recommended  because  of  the  great  difficulty  in  obtaining  iron- 
free  potash,  and  also  because  of  the  deleterious  action  of  the  caustic 
reagent  on  the  tissues. 

Macallum  finds  that  ammonium  hydrogen-sulphide  NH,HS  is 
able  to  unmask  organic  iron,  and  that  it  is  more  active  in  this  respect 
than  the  diammonium  sulphide  (NHJ^S,  while   polysulphides   are 

'  Perls:  Virchtiip'a  Arch.  59,  4a  (1867).  *  Schneider  uses  nitric  aeid. 

*  Molisch  :  *  Bemork,  ti.d.  Ntichweis  von  mnskirtem  Eisen,'  Ber.  d.  deutsch.  bot, 
OmBadi.  U,  73  (1893). 
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quit©  inactive  in  liberating  iron  from  potassium  ferrocyanide, 
hat'matin,  or  organic  compounds.  To  prepare  the  ammonium 
hydrogen-aulphitle,  take  diJiite  ammonin  ha\'ing  a  specific  grnvity 
of  096,  and  i^Misa  through  it  8uli"iliui'f<tte(l  liydrogen.  Tlxe  solution 
obtained  in  this  way  will  keep  for  three  weeks  in  M-ell-atoppered 
bottles  filled  quite  full. 

Tissues  fixed  in  alcohol  may  be  teased  with  a  clean  goose-quill  or 
hedgehog-spine^  or  sections  may  be  cut  Cover  the  preparation  with 
a  freshly-prepared  mixture  of  one  drop  of  50  per  cent.  Price's, 
chemically  pure,  glycerin  and  two  drops  of  dilute  ammonium 
liydrogen-sutphide ;  cover  with  a  t6  x  22mm.  cover-glasa,  and  pluce  the 
slide  in  a  warm  oven  (60^  C),  when  the  mixture  rapidly  concentrates 
and  in  a  few  minutes  passes  completely  under  the  cover-glasa. 
Should  the  space  under  the  cover-glass  nut  be  completely  tilled,  add 
some  more  of  the  mixture.  The  solution  under  the  cover-glass  ought 
to  remain  perfectly  clear ;  if  it  does  not  do  so,  but  turns  yellow,  and 
if  crystals  of  sulphur  are  deposited  on  the  margin  of  tlie  cover-glass, 
it  is  a  sure  sign  of  the  ammonium  hydrogen-bulphide  having 
deteriorated. 

Unfixwl  yolk  of  a  hen's  egg  gives  a  reaction  immedint*  ly,  while 
after  fixation  in  alcohol  or  by  heat  no  effect  is  produced  till  after  the 
lapse  of  some  days.  The  yolk  granules  in  Amphibia  react  in  a  few 
minutes  whether  they  are  fixed  or  not.  Haemntin  requires  24  hours, 
masked  iron  2-15  days,  while  haemoglobin  and  myohaemoglobin  do 
not  show  an  ii-on  reaction  even  if  kept  for  more  than  one  year  at  55°  C. 

It  is  by  this  reagent  that  Macallnmin  1891  first  demonstrated  the 
presence  of  iron  in  the  nuclear  chromatin. 

As.  however,  by  the  prolonged  action  of  ammonium  hydrogen- 
sulphide  the  tissues  suffer  considerably,  it  is  best  to  first  unmask  the 
organic  iron  with  acid  alcohols. 

For  this  purpo.se  Bunge  had  suggested  hydrochloric  acid  alcohol 
(95  per  cent,  alcohol  =  95  volumes,  and  25  i>er  cent,  hydrochloric  acid 
:=  10  YolumeB).  but  Macullum  finds  tliat  both  the  organic  and  the 
inorganic  iron  are  apt  to  bo  extracted  by  a  prolonged  action  of  this 
reagent,  es}>ecially  if  the  temperature  rises  above  20'  C,  and  therefore 
the  subsequent  treatment  of  the  sections  with  ammonium  sulphide  may 
fail  to  demonstrate  iron  in  the  tissues,  although  originally  it  was  there. 

Macallum  distinguishes  between  inorganic  and  organic  iron  com- 
pounds as  follows: — The  tissues,  for  the  purpose  of  extracting  the 
inorganic  iron,  are  subjected  to  the  action  of  Bunge's  fluid  for 
1-2  hours  at  a  temperature  of  50-60*0.,  or  for  8-io  houre  at  35°  C.,  or 
longer  if  the  temperature  is  kept  below  20'  C. 

Tissues  such  as  the  spleen,  containing  large  (quantities  of  inorganic 
iroDf  require  a  longer  treatment  and  large  quantities  of  Bunge's  fluid. 
If  the  inorganic  iron  is  removed,  ammonium  sulphide  ought  to  give 
no  reaction  after  5-10  minutes. 

To  unmask  the  organic  iron,  use,  instead  of  Bunge's  fluid,  those  of 
Macallum: 


Sulphuric  acid  4  parts 

95  per  cent,  alcohol  100     „ 


or 


Nitric  acid  (1-4  sp.  gr.)    3  parts 
95  percent,  alcohol  .   100 


u  2 
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Tlie  acids  are  used  in  alcoholic  solutions  to  prevent  a  deleterious 
action  on  the  tissues,  and  also  to  minimize  the  extraction  of  the 
liberated  iron  and  its  diffusion  from  one  part  of  the  tissue  into 
another,  or  fi'om  the  nucleus  to  the  cell  and  vice  versa. 

All  bottles,  slides,  and  other  glass  utensils  must  have  every  trace 
of  iron  removed  with  hydrochloric  acid,  distilled  water,  and  alcohol, 
and  the  steel  knife  must  be  clean. 

To  demonstrate  the  liberated  iron,  Macallum  uses  three  methods, 
namely,  ammonium  hydrogen-sulphide,  ferrocyanide  of  potash,  and 
haematoxylin. 

The  ammonium  hydrogen-sulphide  is  the  same  solution  as  described 
above,  and  by  its  use  the  iron  is  demonstrated  as  a  ferrous  salt.  But 
although  the  iron  may  be,  at  the  moment  of  liboration,  in  the  ferrous 
state,  it  quickly  assumes  the  ferric  form,  and  for  this  reason,  if  it  is 
to  bo  demonstrated  as  Prussian  blue,  a  solution  of  ferrocyanide  of 
potassium  must  be  used.  Macallum  recommends  the  following 
procedure : — Unm-osk  the  iron  with  acid  alcohol,  then  wash  the 
sections  in  pure  alcohol,  next  in  distilled  water,  and  finally  place 
them  for  not  more  than  five  minutea  in  a  freshly  prepared  mixture 
composed  of  equal  volumes  of  a  1-5  per  cent.  feiTocyanide  solution 
(not  older  than  one  week)  and  o>5  per  cent,  of  hydrochloric  acid. 
The  sections  are  again  carefully  washed,  and  may  be  counters  twined 
in  I  per  cent,  eosin  in  30  per  cent,  alcohol  for  3  minutes,  or  in  i  per 
cent,  safranin  in  30  per  cent,  alcohol  for  half  an  hour.  The  sections 
should  be  carefully  dehydrated,  cleared  in  cedar-wood  oil  and  mounted 
in  benzene-balsam,  and  be  kepi  in  a  dark  place,  as  other>vise  they  will 
fade '. 

The  haematoxylin  method  °  is,  however,  the  best ;  it  depends  on 
the  principle  that  haematoxylin  forms,  with  the  salts  of  the  heavy 
metals,  deeply  coloured,  insoluble  higher  oxides  {\\  436),  while  no 
colour-reactions  are  obtained  with  organic  compounds^  such  as  solu- 
tions of  haemoglobin,  haematin,  ferroeyanides,  and  ferricyanides, 
probably  because  in  the  latter  all  the  possible  valencies  are  joined  on 
to  carbon  atoms,  thus  ^ : 

^■Fe=Fo<^  ;  or  thus,  ^Fe-Fe<^ 

Inorganic  iron  gives  the  reaction  at  once  with  a  half  per  cent, 
pure  haematoxylin  in  pure  distilled  water^  while  the  rest  of  the 
tissue  assumes  merely  a  yellow  colour.  This  latter  is  readily  ex- 
tracted if  sections  are  placed  in  a  mixture  of  equal  volumes  of  ether 
and  absolute  alcohol  'for  at  most  an  hour,'  and  thus  minute  traces 
of  inorganic  iron  in  the  nuclei  may  be  demonstrated. 

^  Why  the  sections  fade?  is  diflicalt  to  say,  especially  a«j  Prussian  blua  is  not 
notod  upon  by  a^-irls,  only  Hikiilies  destroyLng  the  colour.  TliG  most  probablo 
ezplanatioQ  is  rodmrtiun  of  the  compound  by  menns  of  tho  bolsani,  tlio re  being 
formed  a  compmiud  naalogf>U9  to  Fo!,Fo(CN),  "which  is  whilo  in  tho  Abseaco  of 
oxygen,  but  becoint'S  blue  witb  the  faintest  trace  of  this  gaa 

*  A.  B.  Mai-alluin  :  "A  npw  method  of  distinguishing  betwoen  organic  and 
inorganic  compounds  of  iron,'  Joum.  qf  PhysioL  22,  92-98  (Sept.  1897). 

*  Koscoe  and  Sehorlemmer  :  Tnaiiae  on  Chemistry,  2,  part  a,  p.  11a. 
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Organic  compounds  are  first  decomposed,  preferably  with  sulphuric 
acid  alcohol,  thon  tbeyare  freed  from  acid  by  washing  in  alcohol,  and 
filially  treated  with  haematoxylin,  of  at  least  half  per  cent,  strength. 
for  a  few  minutes.  'Wherever  iron  exists  in  such  a  preparation  the 
haematoxylin  becomes  blue-bluck  or  blue.  Very  often  sections  of 
tissue  thus  treated  appear  as  if  stained  with  Ehrlich^ii  haematoxylin.' 

Carazzi ',  to  liberfite  the  iron  from  its  organic  compounds,  oxidizes 
paraffin  sections  of  the  eggs  of  Ostrea  with  the  vapour  of  osmium 
tetroxide, 

Marfori*  has  made  the  important  observation  that  soluble  dialysed 
ferric  oxide,  which  means  colloidal  irojii,  does  not  give  tlie  typical 
black  haemat-oxylin  reaction,  but  when  treated  with  dilute  ammoniuiu 
sulphide  a  black  colour  is  obtained  at  once. 

We  have  here  an  instance  of  luj  *  inorganic '  salt  of  iron  behaving 
as  an  'organic'  one  as  long  as  it  is  in  the  colloidal  state. 

2.   Copper. 

Boyce  and  Herdmann*  have  applied  Macallum'a  testa  for  iron 
to  recognize  copper  compounds.  In  a  diseased  condition  of  the 
American  oyster  certain  green  leucocytes  were  found  to  contain 
large  amounts  of  copper.  When  alcohol-fixed  material  was  treated 
with  potassium  ferrocyanide  solution,  a  red  colour  was  obtained  at 
once,  or  if  a  mixture  of  equal  ftartsof  Macallum's  ferrocyanide  solution 
and  o'5  per  cent,  hydrochloric  acid  was  employed  then  ammonium 
hydrogen-sulphide  instantly  gave  a  marked  dark  yellow-brown 
reaction.  Haematoxylin  gives  directly  a  dark-blue  colouration  with 
ttiecoppor^ontaining  leucocytes,  as  it  also  gives  a  direct  iron  reaction 
with  liver-cells  in  the  case  of  j)emiciou8  anaemia. 

Whether  we  are  dealing  with  iron  or  copper  compounds  is  a  ques- 
tion which  must  be  determined  by  macro-chemical  tests. 

3.  Phosphorus. 

Lilienfeld  and  Monti  {1873I  treated  tissues  with  a  nitric  acid 
solution  of  ammonium  molybdate  to  convert  the  organic  phosphorus 
into  the  yellow  ammonium  phospho-molybdate  ;  they  then  washed 
the  tissues  in  water  to  remove  the  free  ammonium  molybdate, 
and  finally  reduced  the  remaining  ammonium  pbospho-molybdate  to 
a  brown  or  black  lower  oxide  by  means  of  pyrogallul. 

liaciborski  (1893)  showed,  however,  that  the  Lilienfeld-Monti 
procedure  gives  a  green  colour  with  ammonium  phospho-inolybdate, 
and  a  brown  or  black  colour  with  ammonium  molybdate.  He  stated 
that  the  yellow  colour  in  the  tissues  was  simply  the  ordinary  xantho- 
proteic reaction,  obtainable  by  treating  tissues  with  nitric  acid,  while 
the  brown  colour  depended  on  the  ammonium  molybdate,  and  that 
tho  latter  reaction  could  l>e  diminished  or  quite  prevented  by  a  pro- 
longed washing  of  the  tissues  in  water.  He,  therefore^  concluded 
that  the  ammonium  molybilate  is  not  united  chemically  in  the  tissues 
■         with  the  phosphorus,  but  that  it  is  only  imbibed  mechanically. 

I  '  Canzxi  :  InttrnaU  MemabKh./.  Anat.  wiuf  PMyf<o(.  14,  134  (^897). 

H  *  Marrori:  Areh,  itaL  de  BioL  SO,  iBi  11898). 

^^  '  '  B.  Boye«  and  \V.  A.  Herdmaiin  :  PML  Tratu.,  London,  418,  S4  (>897'8)> 

^  - 
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PoUacci  (1894)  demonstrated  the  presence  of  the  ammonio-phospho- 
molybdate  in  the  tissues  by  means  of  zinc  cliloride,  which  reagent 
produces  a  dark-blue  or  grey  colour  \ 

Heine  (1896-7)  showed  that  the  Lih'enfeld-Monti  reaction  was 
unreliable,  inasmuch  as  histone  or  albumin,  containing  no  traces  of 
phosphorus,  might  still  give  the  brown  reaction,  because  these  bodies 
fonn  with  a  nitric  acid  solution  of  ammonium  molybdate,  com- 
pounds which  cannot  be  decomposed  by  washing  in  water.  The 
presence  of  ammonium  molybdate  is  most  readily  demonstrated  with 
stannous  chloride,  owing  to  tlw  formation  of  the  blue  molybdic  oxide, 

Macalluni  (1898),  wliose  work  I  have  verified,  gives  the  follo^ving 
account :  In  the  first  place  he  confinna  the  observations  of  Eaciborsld 
on  pyrogallol,  which  in  the  meantime  had  been  denied  by  Heine. 
Thus  pyrogallic  acid  in  a  watery  or  in  an  ethereal  solution,  when 
added  to  a  solution  of  ammonium  molybdate,  produces  immediately 
a  colour  similar  to  a  saturated  solution  of  Bismarck  brown, 
but  no  precipitate  is  formed.  Pyrogallol  added  to  a  nitric  acid 
solution  of  ammonium  molybdate  [troduces  a  brownish-black  or  black 
colour,  and  usually  an  amorphous  blue-ljlack  precipitate,  wliile  if  it 
be  added  to  a  solution  of  anvnioiiiura  phospho-molybdate  even  in  the 
presence  of  nitric  acid,  the  yellow  colour  is  converted  into  a  green 
which  after  a  lapse  of  two  hours  gradually  l>egins  to  darken,  till  after 
twenty-four  houi-s  it  has  a  faint  tinge  of  green  when  examined  in 
thin  layers,  the  form  of  the  crystals  of  ammonium  phospho-molybdate 
being  maintained. 

In  confirmation  of  Heine's  observations,  Macallum  found  that 
stamens  of  ICri/llnvHium  americanutn,  treated  with  nitric-molybdate 
solution  for  twenly-four  hours,  and  then  washed  for  five  months  in 
many  changes  of  distilled  water,  would  still  give  a  general  blue 
staining  with  stannous  chloride,  indicating  the  presence  of  ammonium 
molybdate,  and  further  a  special  gi-een  reaction  with  pyrogallol, 
showing  the  presence  of  phospho-molybdata  Animal  tissues  behave 
in  exactly  the  same  way. 

As  pyrogallol  gives  a  coloured  compound  with  both  ammonium 
molybdate  and  with  phospho-niotybdate,  Macallum  endeavoured  to 
find  some  substance  which  in  the  presence  of  nitric  acid  would  only 
act  on  the  latter  compound.  This  requirement  is  fulfilled  by  zinc 
chloride  [PoUacci),  which  gives  a  green  colour  only  with  the  phospho 
compound,  and  none  with  ammonium  molybdate,  but  as  it  acta  only 


'  PoUaoci,  O.  :  Atti  ddV  i»t.  botan.  deW  Univ.  di  Pavia^  a  Ser.  6,  15  (1900). 
Ris  most  recent  metbud  is  an  follows :  DitiBoLve  15  grniH.  of  ammonium 
molfbdiite  erjatals  in  roo  co,  of  ' ammonincal  water."  Fuither  mix  70  c«,  of 
nitric  acid  (sp.  graTity  i  18)  with  30  cc.  of  distilled  water,  aitd  thon  add  the 
nitric  acid  solution  to  the  ammonium  molybdiito  solution  and  ahake  till  the 
pruoipitate,  foriniLHl  at  tiri^t,  14  dissolved.  Allow  the  ruaction  to  act  on  sections, 
then  wash  out  thoroughly  with  diatilled  water  titl  the  latter  no  longer  gives  a 
blue  colour  reaction  with  stannous  (hioride.  Now  tninsfer  the  soeti>>ns  to  a 
4  |>ei"  cent,  solution  of  atnntious  chJoride,  when  those  olemcntfl  wliich  contain 
phosphortta  will  turn  bluo.  As  al»ove  stated,  it  ia  quito  iiupo.-^aible  to  remove 
aaimonium  molybdate  from  the  tiiiauea  by  prolonged  waahiijg,  and  the  siibstitU'- 
tioa  of  staanous  chloride  for  zinc  chloride  by  Heine  is  «  8t«p  backwards. 
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very  slowly,  owing  to  ita  feeble  reducing  power,  the  following 
method  was  devised : 

Mmallutns  itsifor  Phosphorus : 

(i)  Pi'ef^^rably  fix  tissues  in  alcohol,  although  for  comparison  fresh 
unfixed  material  should  be  used  as  well. 

(2)  Make  the  nitric-molyMate  reagent  by  dissolving  one  part  by 
weight  of  pure  molybdic  acid  [MoO,]  in  four  parts  of  strong  am- 
monia (sp.  gi-av.  0-88),  and  adtl  slowly  fifteen  parts  of  nitric  acid 
(sp.  gray.  i-a).  The  resulting  faintly-yellow  solution^  decanted  from 
the  very  slight  sediment,  keeps  indefinitely. 

(3)  Treat  the  tissues  with  the  nitric-molybdat^  reagent  from  ten 
minutes  to  forty-eight  hours  at  a  temperature  of  35'^  C,  when  the 
inorganic  phosphates  will  be  affected  first,  then  lecithin,  and  lastly 
the  organic  phosphorus.  As  the  nilric-molybdate  reagent  only  reacts 
with  the  ortho-form  of  phosphoric  acid,  all  the  phosphorus  must  be 
changed,  somehow,  into  orthophosphate. 

To  distinguish  between  inorganic  and  organic  phosphorus  proceed 
thus:— (ft)  All  inorganic  phosphates,  except  those  of  iron  and  the 
nuclear  elements  (as  explained  sub  e),  may  l>e  removed  with  20  per 
cent,  acetic  acid,  according  to  Jolly's  method,  or,  with  Macallum,  one 
may  regard  as  inorganic  all  phosphorus  reactions  which  make  their 
appearance  in  the  first  ten  minutes,  (h)  To  remove  lecithin,  Bitto 
found  it  necessary  to  first  treat  plant-tissues  with  ether,  then  to  ex- 
tract the  lecithin  with  thirty  changies  of  boiling  ethyl-alcohol,  each 
period  of  extraction  lasting  ten  minutes.  Macallum  uses  a  Soxhlot 
apparatus  for  boiling  the  tissues  for  five  hours  and  siphoning  off  the 
condensed  but  still  hot  alcohol  every  six  to  ten  minutes.  This  pio- 
cedure  is  al>3olutely  necessary  with  nervous  tissues,  (c)  According  to 
Milroy,  nuclein  compounds  digested  with  trypsin  show  that  about 
90  per  cent,  of  the  phosphorus  occurs  in  an  organic  form,  while  about 
10  per  cent  is  set  free  as  orthophosphoric  acid.  id\  Tissues  very 
rich  in  orthophosphates,  such  as  the  renal  tubules  and  the  placenta, 
must  1>e  treated  in  very  thin  sections,  as  otherwise  the  orthophosphoric 
acid  which  is  liberated,  diffuses  out  of  the  section  and  covers  the 
latter  in  the  form  of  phospho-molybdat©  crystals. 

(4)1  Redtice  the  phospho-molybdate  to  the  green  oxide  by  means  of 
phenybhydrazin  hydrochloride.  This  substance  may  be  used  in 
watery  solutions  of  1-4  per  cent,  strength,  and  should  be  freshly  pre- 
pared. In  the  absence  of  alcohol  and  of  caustic  alkali,  it  produces 
in  ammonium  molybdate  in  the  pi-esence  of  nitric  acid  no  change, 
while  with  the  phospho-molybdate  'either  in  the  presence  or  in  th« 
absence  of  ammonium  molybdate  or  nitric  acid,  or  of  both,  it  gives 
at  onoe  the  dark-green  oxide  of  molybdenum.' 

Sections  which  have  been  treated  with  the  nitric-molybdato  reagent 
may  be  transferred  directly  to  the  phenyl-hydrazin  hydrochloride, 
or  be  washed  first  for  one  to  two  minutes  in  dilute  nitric  acid  or  dis- 
tilled water.  Within  two  minutes  the  phospho-molybdate -is  stained 
deep  green,  while  the  ammonium  molybdate  is  coloured  faintly  yellow. 
The  section  may  then  bo  dehydrated,  be  cleared  in  cedar-wood  oil  and 
be  mounted  in  balsam. 
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4.  Sulphur. 

On  boiling  proteids  in  an  alkaline  fiolutiou  vviOi  a  salt  of  any 
metal,  the  sulphides  of  which  are  black  or  dark  coloured,  the  sulphur 
of  the  proteid  is  liberated  and  >vith  the  metal  forms  the  deeply 
coloured  sulphide. 

My  attempts  so  far  have  not  been  very  successful  in  getting  both 
sulphur  reactions  and  relatively  good  histological  preservation,  as  the 
liberation  of  the  sulphur  means  complete  destruction  of  the  prot«id 
molecule. 

B.  Okoakic  Constituents. 

1.  Carbohydrates. 

H    H    OHH 

(a)  aiuoose  (C,H„0,  +  H,0  =  HO  •  CH,  •  C— G— C— C  •  CHO  +  H.O). 

OH OHH    OH 

(i)  Fekling's  test.  In  plant-tissues  sugars  are  readily  demon- 
strated with  Fehling's  solution,  which  is  prepared  thus  :  Ue&t  copper 
sulphate  till  it  has  loat  its  water  of  crystallization,  then  dissolve 
34  64  grms.  of  the  white  dry  powder  in  200  cc.  of  distilled  water : 
— dissolve  173  grms.  of  sodium  potassium  tartrate  (Rochelle  salt) 
in  480  cc.  of  caustic  soda,  having  a  specific  gravity  of  1-14  ; — 
mix  the  two  solutions  and  dilute  up  to  1,000  cc.  This  solution  is 
of  such  a  strength  that  10  cc.  of  it  are  reduced  by  0-2  grm.  of 
sugar.  Sections  placed  in  a  hot  solution  of  Fehling,  and  kept  at 
a  temperature  of  about  75'  C,  show  inside  the  ceUs,  if  sugar  be 
present,  a  yellow  precipitate. 

(2)  Barfoed*s  test  /or  dextrose,  Barfoed's  reagent  (neutral  acetate 
of  copper  6  6  grms.,  glacial  acetic  acid  2>5  cc.  and  water  loo  cc) 
has  been  employed  in  a  modified  form  by  de  Waele  \ 

Copper  acetate  is  more  readily  reduced  by  carbohydrates  than  any 
other  salt  of  copper  or  any  other  acetate,  as  shown  by  the  behaviour 
of  dextrose,  saccharose,  lactoao,  maltose,  and  glycogen.  The  mono- 
sacclmrid  dextrose  reduces  at  65°  C,  but  the  di-  and  polysaccharida 
require,  with  increasing  polymerization,  higher  and  higher  tempera- 
tures. With  the  compound  sugars  the  ultimate  colour-reaction 
becomes  gradually  less  pronounced. 

To  demonstrate  dextrose  in  the  alimentary  canal  of  the  frog, 
de  Waele  gives  these  directions:^ — Introduce  into  the  oesophagus  of 
a  frog  I  to  2  cc,  of  a  ten  per  cent,  watery  solution  of  dextrose  ; 
kill  the  frog  after  three  hours  and  fix  the  intestine  for  half  an  hour 
SLiSs^'C.  in 

5  per  cent,  acetate  of  copper      ...         10  parts 
2  per  cent,  osmium  tetro^side     ...  i  part 

Leave  the  tissue  for  some  time  in  Hermann's  solution  and  then  take 


^  de  Wuek  :  LivrejubiL  Ch.  wm  Bambekt,  Bnixelles,  40  (1899), 
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through  the  paraffin  process.  Nearly  all  the  intestinal  cells  covering 
the  villi  will  contain  numerous  black  granules  of  different  sizes, 
which  frequently  become  confluent  into  larger  masses  between  the 
nuclei  and  the  free  border,  and  also  to  a  less  ext^'nt  between  the 
nuclei  and  the  base  of  the  cell.  Beneath  the  epithelium  no  trace  of 
sugar  can  be  detected. 

By  control  experiments,  such  as  fixing  the  intestine  in  Floni- 
ming's  solution,  the  al)sence  of  all  fat  was  est^tbliahed  ;  for  certain 
fats,  as  is  shown  later  (p.  306),  reduce  osmium  tetroxide  into  a  black 
compound. 

(li)  Olucosamin. 

This  substance  was  firet  isohited  by  Ledderhose  \  who  boiled  chitin 
prepared  from  lobsters'  claws  with  concentrated  hydrochloric  acid. 

H    H   OHH 

liGlucoso,  C.H,A  =  HO  .  CH, •  C— C— C— C •  CHO  +  H,0 

OHOUII    OH 

H    H    OH 

OluooBumin,  C,Hi,NO,  =  HO  ■  CH,  -  C— C— 6  •  CH(NH»|CHO 

OH  OHH 

H    H   OH 

iMgluoonmin',  aH„NO.  =  HO  ■  CH,  •  C— C-C— CO  •  CH,  •  NH, 

OH  OHH 

(jluoose  penta-acetate,  C„n  ,0,,  —  C,H ,0^(0,11 ,0)^ 

Acetyl-glucosamin,  C,I1„0„K  =  C.H„O.N(C0CH,) 

Penta-acetyl-glucosamin,  C,,H.,0„N  =  C.H,0jN(C  ,H,OK  . 

Acetyl-glucosamin  is  obtained  by  the  addition  of  glacial  acetic  acid 
to  glucosamin  dissolved  in  a  small  quantity  of  absolute  methyl- 
alcohol  (Breuer  ').  It  is  easily  soluble  in  water  and  in  boiling  methyl* 
alcohol. 

Penta-acetyl-glucosamin  is  formed  by  boiling  glucosamin  hydro- 
diloride  for  a  short  time  with  sodium  acetate  and  glacial  acetic  acid. 
It  is  slightly  soluble  in  water  and  in  cold  alcohol,  but  very  soluble 
in  warm  alcohol.  It  is  reconverted  into  glucosamin  hydrochloride 
by  dilute  boiling  hydrochloric  acid. 

Ehrlich "  in  1901  made  the  discovery  that  uiine  turns  a  more  or 
less  pronounced  carmin-red  colour  by  the  addition  of  a  few  drops 
of  the   pale  yellow  dimethyl-paramido-benzaldehyde^   dissolved   in 

'  Lodderhoso :  fi«r.  d.  dwutacA.  cittm,  G«adl»ch.  9,  taoo  (1878)  ;  Zeitach.  /.  pAy»i<t(. 
Ch«m,  2.  ai3  1 1878-9),  iuid4,  139  (1880;. 

*  E.  Fi«cber  :  BtrictUt  d.  dgulach.  chtm.  Qm.  27,  3315. 
'  Breuer:  ibid.  31,  aigB. 

*  Paul  Ehrlioh  :  '  Cln^r  d.  Dime(hyUmJdol>eiizjddeli]rde  Beacliun,'  Die  Mtdie. 
iroeAf,  April,  1901,  No.  15. 

*  To  b«  obtained  from  J.  R.  Qetgy  and  Co.  in  Baael. 
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normal  hydrochloric  acid.  The  nature  of  this  anilin  dye  is  dis- 
cussed on  p,  360.  It  unites  with  aromatic  bases  in  a  weakly  acid 
solution  to  furm  deep-red,  frequently  insoluble  azo-inethin  dye  com- 
pounds ;  with  methylene  compounds  such  as  phloroglucin  and 
phenyl-methyl-pyrazolon  it  gives  rise  to  a  reddish-violet  colouration, 
while  with  amido  remainders  only  yellowish -orange  tints  are  obtained. 
For  these  reasons  Ehrlich  supposed  the  red  reaction  in  the  urine  to 
depend  on  the  union  of  tlio  dye  with  a  methylene  radical. 

Proeacher  ',  on  the  instigation  of  Ehrlich,  inveatigated  the  doubtful 
substjince  and  obtained  it  in  sufficient  quantities  to  determine  its 
formula  as  C,^H.,OjNj.  When  dimethyl-amido-beiizaldehyde  unites 
with  the  unknown  body  to  form  the  red  substance,  a  molecule  of  water 
may  be  supposed  to  be  given  off.  Suhtracttng  C,H,jN=: dimethyl- 
am  ido-lKjnzaldehyde — 0  from  CjjHg^O^iN,  and  adding  two  atoms  of 
hydrogen,  gives  the  unknown  body  tho  formula  C;H,.0,,  which 
approaches  nearest  to  glucosamin  C(H„NOjj,  as  it  diffei-s  fiom  tlie 
latter  only  in  containing  the  formaldehyde  radical  OCH.j,  Ehrlich 
left  it  undecided  whether  the  body  in  question  was  formyl-glucosamin 
or  an  acetyl-derivative  of  the  still  unknown  pentosamin,  becr.use 
neither  mucin,  chitin^  glucosamin,  nor  glucosamin  hydrochloride  give 
the  reaction,  while  certain  mucinoid  substances  do  give  it.  *  In 
a  section  of  cartilage,  for  example,  the  perichondrium  staLus  an 
intense  reddish-violet,  while  the  hyaline  cartilage  and  the  surround- 
ing connective  tmsue  or  fat  remain  colourless  with  the  exception  of 
a  few  peri-vascular  strands  containing  elastic  fibres  *  (see  p.  367). 

Friedrich  Milller '  confirms  Ehrlich's  statement  that  pure  mucin 
and  mucoid  substances  do  not  give  the  red  reaction,  if  their  watery 
solutions  are  treated  directly  with  the  reagent  or  even  after  longj 
treatment  with  boiling  mineral  acids.  Positive  results,  however, 
are  always  obtained  if  the  mucinoid  substances  are  first  rendered 
alkaline  with  a  little  alkali  or  barj-ta,  and  if  they  are  then  warmed. 
On  adding  to  these  alkaline  solutions  2  to  5  per  cent,  solutions  of 
dimethyl-amido-benzaldehyde  dissolved  in  normal  HCl,  till  the  re- 
action has  become  acid,  a  red  colour  is  obtained,  especially  on  heating. 

Mucin  from  sputum  or  the  submaxillary  gland,  ovo-mucoid,  pseudo- 
mucin  of  ovjjrial  cysts,  egg-albumin,  and  the  cartilage  of  the  nose,  all 
give  the  red  reaction  after  having  been  heated  in  an  alkaline  solu- 
tion. Cartilage  which  had  not  been  treated  with  alkali  but  with 
boiling  HCl  for  several  hours  readily  reduced  a  copper  solution 
owing  to  the  formation  of  reducing  sugars,  but  no  benzaldehyde 
reaction  was  obtained. 

Animal  gum  prepared  by  Woydemann's  method  brought  directly 
together  with  the  re.agent  gives  no  colour,  but  if  it  is  boiled  for  some 
time  with  baryta-water,  if  the  barium  is  removed  with  H.,SO,  and 
the  latter  with  lead  acetate,  and  if  tho  filtrate  is  treated  with  lead 
acetate  and  ammonia,  a  white  subslajice  is  obtainetl,  namely  Frilnkers 
albamin.  which  with  the  benzaldehyde  gives  at  once  an  intense  beauti- 
ful red.    Frilnkel  believes  his  albamin  to  be  a  polymer  of  glucosamin. 

'   PrOHfUer  :  Zeilitch.f.  phtjitoL  Cktm.  31,  520  (1900(1)). 

'  F.  Miillor  :  ZeiUch.f.  Biol.,  Jubelliand  zu  Ehren  voii  C.  Voit,  468  (tpot). 
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Mtiller  has  provetl  that  free  minerid  acid  ia  essential  for  the  red 
colour-renction  in  th^  following  way:  On  the  a-ssiimption  that  gluco- 
samin  hydrochloride  dors  not  react  with  Ehrlich  h  reapent  l>ecause 
the  hydrochloride  is  l>ouiid  up  with  the  ninidogt-n  radical,  acetic  acid 
was  substituted  fur  thp  hydrochloric  acid  hy  wanning  glucosamin 
hydrochloride  with  alkali  or  baryta-water,  adding  sodium  acetate  to 
prevent  the  formation  of  free  IICI,  and  then  finally  adding  dimethyl- 
amido-henzaldehyde  in  a  solution  of  acetic  acid.  Under  these  con« 
ditictiis  not  a  red  but  a  bluish-green  colour  is  obtained. 

Penta-benzoyl-glucosainin  does  not  give  Ehrlich's  reaction  even  if 
treated  with  warm  KOII,  by  which  means  several  benzoyl  groups 
are  separated  off ;  but  penta-acetyl-glucosamin,  which  itself  gives 
negative  reaults,  gives  after  treatment  with  KOH  or  baryta-water 
a  brilliant  carmin  colour,  owing  to  having  l>een  split  up  into  mono-  or 
diacetyl-glucosamins,  which  latter  with  the  dye  form  coloured  estei-s. 

I  have  obtained   good  results  histologically  by  fixing  tissues  in 

05  per  cent.  KOH  in  go  per  cent,  alcohol  for  48  houra  or  longer 

t  30  to  40'^  C,  and  then  transferring  the  tissues  to  a  2^  per  cent. 

lutlon  of  the  dye  in  i  per  cent.  HCl. 

(c)  Furfurol. 

Furforc^  C^H^O^  is  a  derivative  of  fnrfuran  and  on  oxidation 
gives  rise  to  pyromncic  acid.  Its  presence  is  bclif>ved  to  indicate 
that  thf'  substance  which  is  !>oing  tested  either  contains  pentoses 
or  substances  capable  of  giving  rise  to  pentoses. 


HC — CH 

II        II 
HC       CH 

o 

furfuran 


HC—  CH 

II         II 
HC       CCOH 

V 

furfiirol 


HC — CH 

II        II 
HC       CCOOH 


pyromucic  acid 

Moliach,  in  iS86',  while  engaged  in  micro-chemical  research  dis- 
coverwl  'two  new  sugar  reactions,'  one  with  a-naphthol,  and  the 
other  with  thymol,  which  is  a  monohydroxyl  derivative  of  cymene  : 


OH 


a-naphthol 


CH, 


-OH 


CH(CH,\ 
thymol 


\y 


CH(CH,), 
cymene 


By  adding  to  i  cc.  of  a  sugar  solution  2  drops  of  an  alcohoHo 
15  to  20  per  cent,  solution  of  a-naphthol ;  shaking  the  mixture; 
adding  I  to  2  cc.  of  sulphuric  acid  and  shaking  again  quickly,  there 

M<>li«)<l)  :  Sttib.  d.  Akad.  d.  WiueMch.  Wim,  93,  919  (1886}  ;  MmaUSi/U/.  Chemie, 
198  ;lf  ' 
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is  obtained  a  deep  violet  colouration  of  the  fluid.  On  diluting  the 
fluid  with  water  a  bluish-violet  precipitate  is  formed,  which  dissolves 
in  alcohol  and  ether  with  a  yellowish  anil  in  caustic  potash  with  a 
golden  yellow  colour,  while  with  ammonia  yellowish-brown  droplets 
are  obtained.  Thymol  under  identical  conditions  gives  a  verniiJion 
oarmin-red  colour,  and  on  the  addition  of  water  a  caniiin-red  pre- 
cipitate. 

With  Bolutions  of  all  sugars  (except  with  inosit,  mannit,  melam- 
pyrit,  and  quercit),  and  also  with  inulin  the  reaction  is  obLiined  at 
once  ;  with  carbohydrates  and  glucosidcs  after  2  minutes  up  to  30 
minutes  the  reaction  becomes  more  and  more  evident ;  with  fresh 
egg-white,  which  with  sulphuric  acid  alone  gives  a  rose-red  colour 
(Raapail's  reaction),  a-thymol  produces  at  once  a  deep  violet  colour- 
reaction. 

To  apply  the  test  raicro-cheniically  treat  a  section  which  is  not 
too  thin  with  a  15  to  20  per  cent,  alcoholic  solution  of  a-naphthol, 
then  add  2  to  3  drops  of  sulphuric  acid  so  as  to  cover  the  whole 
section,  or  allow  the  acid  to  flow  under  the  cover-glass  by  placing 
a  drop  close  to  the  cover-glass  and  then  drawing  the  acid  with  a  glasal 
rod  up  to  the  margin  of  the  cover-glass  to  allow  it  to  diifuse  inwards. 

Secgcn  in  1886^  repeated  the  experiments  of  Molisch  and  con- 
firmed them,  but  also  pointed  out  how  peptone,  pure  egg-albumiu, 
serum-albumin^  and  casein  behaved  in  exactly  the  same  manner 
as  do  sugars,  and  threw  out  the  suggestion  of  a  possible  decomposi- 
tion of  proteid  substances  into  sugar  by  means  of  sulphuric  acid. 

Mtflim  in  1887'  pointed  out  that  Pefctenkofer's  test  for  bile 
acids  was  a  furfurol  reaction,  and  givos  Hugo  Schiffs  test  with  anilln 
and  xyhdin  acetate  as  the  most  delicate  for  furfurol  *. 

Udrdnszkij*  has  on  the  strength  of  the  furfurol  reaction  with 
a-naphthol  brought  forward  the  view  that  all  proteids  contain  a 
carbohj'drate  ratlical  which  by  the  treatment  with  acids  can  b« 
separated  off  as  furfurol.  Special  attention  is  drawn  to  his  laborious 
investigations,  for  although  he  failed  in  obtaining  a  '  class  reaction  ' 
his  papers  deal  with  the  interaction  between  a  great  many  bodies 
and  phenols  such  as  a-naphthol. 

Ncuberff  ^  discusses  the  a-naphthol  test  of  Molisch-Udi'inszky,  the 
resorcin  test  of  Soliwanoff*,  the  phloroglucin  test  of  Tollens ',  and 
the  orcin  test  of  Cyrill  Keichl ".  lie  arrives  at  the  conclusion  that  tha 
so-called  furfurol  reaction  is  in  many  cases  not  due  to  furfurol  at  alt,  but 
that  it  depends  ou  the  presence  of  humus  acid,  C,gH„0, ",  which  latter 

*  Seogen  :  Ctntralbl.f.  d.  mrd.  Wiss.  78sand8aT  (1886). 

*  Hylius  :  Z.  Kenninisn  d.  Petienko/erschm  Galkti^nnreaetton. 

*  Ber.  chem.  Gen.  20,  540. 

*  L.  V.  Udranszky  :  Zextsth.  /  phyaitd.  CJtem.  12,  355  to  395  (1888). 

*  Carl  N«^iib«rg  :  '  Uber  d.  Farbenreactionf  n  v.  Zui^kern,"  Z.  /.  phyticL  Chem. 
31,  564  (1900-1),  •  SoliwanoflF:  Ser.  d,  deutsch.  chrm.  Ovs.  20,  181. 

^  Toltena  and  hia  pupils  :  Ber.  d.  detUsch.  chem.  Oes.  22,  1046^  2^,  laoa;  Ann. 
d.  Chemie,  2B4,  339  ;  260,  304, 

'  C.vrill  Roichl  :  B^r,  d.  6$(er.  Ges.  t.  F^der.  d.  chtm.  Ind^tBt.  1,  74  C1874).  Se« 
aUo  ToUena  :  Ann.  rf.  Chtm.  260,  305. 

*  Huniin  subdiaucvB  are  diirk-coluurcd  organic  aubatances  found  in  the  soil 
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is  readily  formed  from  caibohyd rates,  as  shown  by  Berthelot  and 
Andr6  \  Neubfrg  believes  the  humus  acid  to  form  coloured  con- 
densation products  with  the  phenols :  uaphthol,  phloroglucin, 
orcin,  &c. 

Lkbenmanns  reaction '. 

Dried  egg-white,  purified  by  treatment  with  alcohol  and  ether,  on 
being  boiled  with  strong  iiydrochloric  acid  turns  deep  blue  or  bluish- 
violet,  and  is,  according  to  Cohuh<.'Im,  also  a  furfurol  reaction. 

{d)  Starch. 

Sfrohmet/er  in  1814  first  observed  that  starch  in  combination  with 
A  watery  solution  of  iodine  gives  a  blue  colour-reaction.  Since 
his  time  many  endeavours  have  been  made  to  determine  the  nature 
of  the  reaction,  but  up  to  the  present  day  no  finality  has  been 
reached. 

Mylius  in  1887'  prepared  from  cholalic  acid  an  iodine  compound 
showing  a  blue  colour  and  possessing  the  formula  (C,^H,^0jiI)4lH, 
which  showed  with  the  iodide  of  starch  many  points  of  analogy,  both 
possessing  for  example  4I  to  iIII.  Thus  the  chemical  view  was 
strengthened. 

F.  W.  Kitster,  boweveftin  1894*  showed  that  there  was  no  definite, 
constant  proportion  between  the  starch  and  the  iodine,  because 
the  iodide  of  starch  always  contained  an  amount  of  iodine  which 
was  strictly  proj>ortional  to  a  definite  coefTicient,  which  latter 
depended  on  the  amount  of  iodine  which  was  employed.  He 
therefore  denied  not  only  all  chpmical  but  also  all  mechanical 
explanations,  and  adopted  the  view  that  iodide  of  starch  was  in 
reality  a  solution  of  iodine  in  sUirch  in  the  sense  of  a  solid  solution 
according  to  van  't  HoflTs  theory  (see  p.  330).  As  iodine,  however, 
gives  a  blue  solution  with  starch  solutions,  to  supixjrt  his  view 
Ktlster  assumed  that  a  starch  solution  is  not  a  true  solution  at  all, 
but  an  emulsion  of  exceedingly  minute  drops  of  starch  in  an  excess 
of  water,  which  latter  was  supposed  to  contain  traces  of  starch  in 
real  solution. 

Mt/lius:  Against  the  conception  of  KtSsler's  just  stated  speaks 
a  fact  which  was  first  observed  by  Mylius  and  confirmed  by  Spiro, 
namely  that  water  ia  absolutely  necessary  for  starch  to  turn  a  blue 
colour  with  iodine,  for  iodide  of  starch  loses  its  blue  colour  when 

and  in  poat,  and  are  Tormed  by  putrctiictive  changoa.  Tbey  are  obtained  by 
acting  on  carltohydratea  such  as  ataj-cti  and  augar  with  acida  and  alkalies,  and 
art>  Bi'id  in  rh.-iractcr.  They  are  further  formed  hy  llio  action  of  ammonia  and 
air  on  pyro^allol  and  protocatechuic  acid.  Hiunua  acid,  Cj,li,,0;,  is  formed  in 
addition  to  formic  acid  by  prolonged  boiling  of  cano-HUgur  with  dilute  UNO,, 
HCI,  or  H^O,.  Tlie  iC„H^i,)  aagara  are  first  eonverted  into  €,H„0,.  The 
atronger  tUe  acid  the  greater  la  the  amount  of  humin  bodiea. 

'  Berthelot  and  AndriS  :  ComtO,  Rend.  detAead.  123,  567  and   635. 

*  LioU^rmann  :  CmiratbLf.  i.mtd.  Winm,  371  (1887). 

■  Mylius  :  ZtiUch.f.  ph^iU.  Oitmit,  11,  306. 

'  Raster:  Ann,  d.  Chemi4y  883;  aee  alao  ZtiL  /.  pk^tik.  CKemit,  16,  156 
(1894),  where  iodine-eholalic  acid  ia  aaid  to  be  neither  a  chemical  c'om|)uund 
nor  a  aolid  solution,  but  a  compound  owing  ita  existence  to  the  formation  of 
cryatala. 
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dehydrated  in  vacuo  over  sulphuric  ncid,  and  starch  also  does  not 
stain  blue  with  an  alcoholic  solution  of  iodine,  but  becomes  blue  at 
once  on  the  addition  of  water. 

Spiro  in  his  important  paper  on  physical  and  physiological  selection  ' 
has  given  this  staining  reaction  his  si)ecial  attention.  He  points 
out  that  on  the  one  hand  quantitative  analyses  always  give  values 
varying  to  such  a  degree  as  to  exclude  the  idea  that  a  chemical 
compound  between  the  iodine  and  the  starch  is  formed  in  a  constant 
proportion.  On  the  other  hand,  the  change  of  the  brown  colour  of 
iodine  into  a  blue  tint,  the  fact  of  different  starclies  giving  different 
colours,  and  of  starch  solutions  as  well  as  solid  starch  giving  the 
colour-reactions,  all  point  to  a  chemical  explanation  and  not  to 
such  physical  ones  as  absorption  or  surface  attraction. 

As  Spiro  puts  it  we  are  forced  to  assume  that  in  a  solution  we  are 
dealing  with  a  mixture  of  two  substances  acting  upon  one  another 
and  thoreby  mutually  modifjring  their  properties.  According  to  this 
view,  Kdater's  solid  solution  theory  is  untenable,  and  we  have  to 
imagine  with  Spiro  that  the  iodine  distributes  itself  between  the 
two  systems  of  water  on  the  one  hand  and  starch  +  water  on  the  other 
liand  in  a  definite  manner,  according  to  the  laws  governing  tlie 
coefficient  of  distribution  of  a  solid  between  two  liquids  (p.  329). 
When  we  are  dealing  with  iodine  and  bromine  the  coefficient  of 
distribution  varies  rapidly  with  their  concentrations  (Jakowski).  In 
the  mixture  of  water  and  watery  starch,  iodine  becomes  blue  for  the 
same  reason  that  it  becomes  violet  in  carbon  bisulphide.  In  either 
case  its  physical  properties  are  altered. 

It  is  quite  immaterial  whether  we  conceive  the  combination  of 
starch,  water,  and  iodine  as  a  phyaical  one — for  example,  as  a  solution 
— or  as  a  chemical  one  for  the  following  reasons: 

Bcchmmn  and  Strkk  have  shown  that  the  change  in  colour  which 
iodine  undergoes  in  different  solvents  does  not  depend  on  differences 
in  the  molecular  weight  of  the  dissolved  iodine,  and  therefore  we 
have  to  take  into  consideration  not  otily  the  changed  molecular 
state  of  a  subetanco,  but  also  its  reaction  with  the  medium  in 
wliich  it  is  dissolved.  Thus  iodine  distributes  itself  between  a, 
watery  potassium  iodide  solution  on  the  one  hand  and  starch  or' 
cholalic  acid  solutions  on  the  other  hand  in  such  a  way,  that  up 
to  a  certain  concentration  all  the  iodine  is  held  by  the  potassium 
iodide  to  form  the  molecule  KIj ' ;  but  if  we  go  on  adding  iodine  to 
the  potassium  iodide-starch  solution  a  point  will  be  i-eached  when 
the  potassium  iodide  can  no  longer  hold  all  the  iodine,  then  some 
passes  over  into  the  starch-water  compound  and  the  blue  colour 
is  produced. 

It  may  he  that  the  new  compound  takes  up  iodine  in  defimte 
proportions,  as  does  cholalic  acid,  or  it  may  not  do  so,  as  is  the  case 
with  starch. 

'  Karl  Spiro:  ther physik.  u.  phyaiuL  Sdection^  Hubilitaliousschrift  (Strassburgi 
1897).  . 

'  This  compound  giTes  off  to  carbon  ttisulphide  ull  the  iodine  which  is  no4  > 
bound  up  AS  potassium  iodide. 
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The  action  of  solvents  on  substances  in  solution  is  a  well-known 

physical  fact,  as  e\'iJenced  for  exan)|Je  by  the  birotation  of  grape- 
augar,  tlie  molecular  refraction  (Glad-stone),  magnetic  rotation 
(Perkin),  the  refractive  index  (Le  Blanc  and  Kohland),  the  amount 
of  affinity  for  substances  in  great  concentrations  (deposit  of  basic 
salts  on  dilution,  e.  g.  antimony  and  bismuth  salts);  See  also  BrUhl's 
and  Kraftt's  views  on  p.  44. 

(c)  Olycogen. 

Zander  \  %vhen  applying  iodine  t-ests  to  chitin,  arrived  at  the 
conclusion  that  thia  substance  was  a  carbohydrate  closely  relalfd 
to  glycogen^  l>ecause  it  gives  tlie  following  reactions  typical  of 
glycogen. 

Glycogon  in  iodine-iodide  of  potassium  solutions  turns  a  reddish- 
brown  colour,  which  is  modified  in  a  very  definite  way  by  the 
following  reagents: 

So.  On  addUiim  of  two  drapM  q/* 

1  w«tor 

a  70  per  wnL    zitic  chlorido 

3  /   zinc  ttulphnto  | 

4  alum  I 

5  taturaM  ■    sodUira  acoUle 

6  Bodtutn  chloride 

7  V  ammonium  chloride 


colour  beoomti 
weaker 

dUappenra  completely 

stronger  brown 

violet 

very  dark  reddlnh-brown 


dark  reddish -t>rown 
If  it  is  desired  to  demonstrate  glycogen  in  the  liver  quantitatively, 
the  animal  is  best  killed  by  decapitation.  All  auaeslhutics  liberate 
glycogen,  and  coal-gas  is  e8i>ecially  liable  to  produce  a  change 
whereby  glycogen  is  converted  into  probaldy  erythrtHdextrin,  for 
portions  of  a  liver  ejtcised  immediately  after  death  by  coal-gas, 
fixed  in  thin  slices  in  aVjsohite  alcohol  for  t\vo  days  and  cut  into 
sections  with  the  free  hand,  show  the  sections  to  become  surrounded 
by  a  deep-brown  zone  on  placing  them  in  dilute  iodine-potassium 
iodide  solution. 

Lanfflcy  states  that  glycogen  is  fixed  by  osmium  tetroiide,  and 
that  it  may  lie  removed  fi-om  sections  by  tryptic  digestion*.  (Seo 
de  Waele's  method  on  p.  296.) 

2.  Fats. 

(tt)  Fattjf  acids.  These  acids  may  lue  divided  into  two  distinct 
classes,  namely  into  the  '  normal '  and  into  the  '  acrylic  '  acids,  with 
the  following  constitutional  formulae: 

Normal  acids  =  C.H,.0,         —         C.H,,+,COOH 

Acrylic  acids  =  C.H,._^0,     =        CJI  ,_,CO-OH. 

Normal  fatty  acids  are  represented  by  the  following  series,  in 
which  each  higher  acid  contains  one  CII,  group  more  than  the  next 
lower  one,  thus: 

*  Enoch  Zander :  '  Vergleichcndo  11.  kritfaohe  Untersuchungen  t,  YentAnd- 
nia»  d.  lodreactioD  d,  Chitin»,'  Pjidgn't  ArcM,  6fl,  545  (1897). 

*  J.  N.  Langloy  :  PracUcftl  Wstolugjf  i;^Macmillan  &  Co.,  1901). 
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Propionic 
acid. 
30 


Butyric 
acid. 


VaUrianic 
add. 


Caproie 
acid. 
6C 


COOH  CH,  CHj  CH, 

I  I  I 

COOH        CH,  CH, 

I  I 

COOH  CH, 

I 
COOH 

The  acid  containing  sixteen  carbon  atoms  (0^,)  is  called  palmitic, 
and  that  containing  i8C,  stearic  acid. 

Oleic  acid,  which  is  also  an  iSO-acid,  differs  from  stearic  acid  in 
containing  two  hydrogen  atoms  less.  It  is  this  absence  of  two 
hydrogen  atoms  which  leads  to  two  carbon  atoms  in  the  carbon 
chain  becoming  joined  together  by  a  double  link,  a  phenomenon 
met  with  in  a  simple  form  in  acrylic  acid,  which  is  an  unsaturated 
mono-carboxylic  acid  having  the  formula  II.^C^CH-COOH. 

All  acids  having  such  a  double  link  between  two  carlion  atoms 
are  called  acids  of  the  acrylic  series,  and  arc  characterized  by  being 
very  unstable  compounds,  because  they  have  a  great  tendency  to  pass 
from  the  double-tiuked  into  the  more  stable  single-linked  state. 
This  change  is  most  readily  brought  about  by  the  unsaturated 
carbon  cliain  taking  up  two  hydrogen  atoms  and  becoming  thereby 
saturated. 

All  unsaturated  fatty  acids,  hydrocarbons,  and  alcohols,  in  short 

H    H 


all  substances  containing  the  group  — C=C —  and    certain   deriva- 

R    H  R    S 

tivcs  of  this  group  (such  as  — C:=C —  and  — C=C —  where 
R  and  S  are  monad  radicals),  on  coming  in  contact  with  not 
too  energetic  oxidizers^  take  up  two  hydroxyl  radicals,  and  are 
converted    into   saturated   compounds    according    to   the    formulae 


H    H 


OH  OH 


or 


R      S 

I        I 

L.  I 

OH  OH 


This  change  occurs  twice  if  two  ( — CH=CH — )  groups,  thrice 
three  groups  are  present,  and  so  on  '. 


•  Alder  Wright 
London,  1893. 


Animal  and  rtgetable  fixtd  o&a,JM,  lutltr,  and  vaxea.    Griffin, 
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Tlje  first  step  in  the  convei-sion  of  (— CH=CH— )  into  (=CH  OH 
—  CIIOIII  consists  prohaljly  in  a  direct  combination  of  tlie  un- 
saturutetl  link  of  the  carbon  chain  Avith  oxygen  :  analogous  to  the 
union  with  iodine  and  bromine. 


H 


— C 


I 
— C. 


B 

I 


0 


or 


or 


H 


r    These  compounds,  while  nascent,  immediately  absorb  water;  oleic 
acid  C,.H„^C0-01I,  for   examplo,   combines  first  with  oxygen   to 
form  C,,H„|  ~^Q  Qj,  ;  and  the  latter  by  taking  up  water  is  changed 
into  dioxystearic  acid^ 
fOlI 
C„II„  OH 
ICOOH 

By  phosphorus  pentachloride  and  similar  Bubstanoes,  fatty  acids 
are  converted  into  actd  chlorides: 

c\H,-  cooH  +  pcij    =    c,H,-  coci  +  poa, + IICl 

Acid  chlorides  of  the  fatty  acids  with  hydroxy-compouuda  form 
ethereal  salts : 

C,H^-COa+CH— OH     =     C,H,— €0— 0CH,  +  HC1. 
Fatty  acids  readily  yield  halogen  substitution  proilucts>  thus: 

C,H,(€,.H  O,).         +    3 1,      =CHiC,JI  JA). 

Triolein  glyceride    +     iodine  =  glycerido  of  di-iodostearic  acid. 

Fatty  acids  unite  with  alcohol  to  form  ethereal  salts  or  esters  and 
water,  thus  : 

CH,-COOH     +     C,H,OH         =  CH,CO.OC,H,  +  H,0 

^  Acetic  acid      +     ethyl-alcohol  =  acetic  acid  ethylester  +  water. 


\h)  Fats:  The  higher  fatty  acids  on  combining  with  the  tribasic 
alcohol  (glycerin  (glycerol ')  form  the  special  group  of  esters  called 
fats.     Thiis : 

/CH, 


c,A,o,j 

Cj,H„0,) 

Palmitic  acid 
(3  molecules} 


CHj'OH 

I 
+  CHOH 


I 
=  (C^„OJ  i  CH  +  3H,0 


+ 


CHrOH 

Glycerin 
( I  molecule) 


CHj 


^   Tripnimitin 

~  (i  molecule) 


Water 

(3  molecules) 


'  Glyc<>rin,  b«ing  a  tri&cid  baae,  onn  combine  with  and  neutralizo  tliroe 
molocult>«  of  a  mouobii-sic  or  monoOAfboxyl ic  actil  forming  neutral  luUs  vf(<)r 
thf  manner  of  the  triacid  biuiiulh  bjdroxide  :  Bi;,OU)i  +  3IICI  ==  BiCl, -t- aUtO 
(Perk in  and  Kipping). 
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Annlogously  oleic  acid  and  glycerin  unite  to  form  triolein. 

Fat,  na  it  occurs  in  the  body,  is  always  a  mixture  of  tripalmitin. 
tristearin,  and  triolein,  of  which  only  the  latter  ia  an  unsaturated 
compound. 

If  we  apply  the  behaviour  of  fatty  acids  and  fata — belonging  t«  the 
'  normal '  saturated  and  to  the  *  acrylic '  unsaturated  series — to 
the  exphmatiuii  of  histological  staining,  it  is  not  ditlicult  to 
understand  the  action  of  osmium  t4:'troxide  and  such  dyes  as 
Sudan  III  and  its  analogues, 

Alhmmn^  in  1894  was  the  first  observer  to  clearly  underatand  that 
only  oleic  acid  and  oloin  reduce  osmium  tetroxide  OsO^  into  OsO„. 
In  the  following  year  Stwke''  distinguished  between  a  primary  educ- 
tion of  OsO,  by  oleic  acid,  and  a  secondary  reduction  obtained  by 
treating  palmititi,  stearin,  and  their  respective  acids,  first  with 
osmium  tetroxide,  and  aubst^quently  with  alcohol. 

There  is  no  doubt  that  after  idcoliol  treatment  sections  may  sliaw 
many  more  Idack  granules  than  tliey  did  previously,  but  in  this  case 
the  aecondaiy  reduction  is  due  to  a  hydration  ofOsO^  into  Os(OHj 
by  means  of  the  alcohol,  as  shown  by  Handwerk  in  1898'.  Ilatid- 
iverk  found  that  the  purer  the  stearic  and  palmitic  acid  material  was. 
the  less  did  it  reduce  osmium  tetroxide,  and  oleic  acid  if  frozen 
did  not  blacken  osmium.  To  show  that  the  negative  result  with 
the  palmitin  and  stearin  did  not  d©{»end  on  their  state  of  aggregation, 
these  substances  were  melted  on  a  mixture  of  osmium  tetroxide  and 
potassium  bichromate  (Marchi's  solution,  p.  251),  when  a  very  irregular 
staining  resulted  which  Cromer  suggested  to  Handwerk  might  depend 
on  admixture  with  oleic  acid.  3h/  experments  bear  out  Handwerk, 
and  it  is  difficult  to  see  on  chemical  grounds  how  saturate*!  bodies 
such  as  palmitic  and  stearic  acids,  or  their  derivatives,  can  have  any 
action  on  osmium  tetroxide. 

Daddi,  in  1896*,  introduced  Sudan  III,  a  dye  having  the  consti- 
tution given  below  on  p.  307.  It  is  insoluble  in  water,  but  sululde  in 
alcohol,  ether,  chloroform,  xylene,  in  bergamot,  clove,  and  cedar-wcK>d 
oils,  in  turpentine,  anilin,  and  all  fats.  The  dye  obtainetl  from  Holl- 
born  and  GrUbler  according  to  Paul  Mayer"  is  insoluble  in  glycerin, 
while  that  which  Pfltlger*  used  was  soluble. 

Daddi *8  method  of  staining  :  Fix  tissues  preferably  in  Moller's 
fluid  (I  ])refer  to  fix  in  lo  per  cent,  formol,  or  75  i>er  cent,  alcohol} ; 
cut  sections  with  the  free  hand,  or  with  the  fre+^zing  microtome  ; 
stain  sections  in  a  saturated  solution  of  tSudan  III  in  spirit  (?  ;  Paul 
Mayer  uses  70  per  cent.,  while  I  use  80  per  cent)  ;  transfer  sections 
from  alcohol  having  the  same  strength  as  that  used  for  dissolving 

*  R.  Altinaiin  r 
(Leipzig,  1894). 

•  3.  StArke  :    <tJber  Feltpranula  h. 
oxydwa,'  Arch./.  PhyaM.  70  (1895,. 

'  C  Handwerk  :  '  Boitrfigp  z.  Konntniss  v.  Verhflltt^n  d.FettkOrperzu Osmium' 
8&II1H5  u.  zu  Sudnn,'  Ztifach.  f.  wiss.  AfiAr.,  15,  177  (^iSgfl)* 

•  Duddi  :  Arch.  ital.  di  Bi<tL  26,  143  1 1896). 

*  Lee  ftnJ  Mnyer  :  Grumlsilge  d.  mik.  Technik,  397  (1901). 
'  Pjlikgera  Ardu  81,  379  (1900}. 


Dia  Eltmmteuorganistnett  u.  ihre  Beziehumjeti    z.   d.   Z^Un,    216 
fine   neuo   Eigensehaft  d.  Osiniumt«tr- 
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the  dye,  into  the  stain,  and  leave  the  sections  in  it  for  five  to  ten 
minutes  (I  prefer  half  an  hour).  Now  wash  out  the  superiluous 
stain  with  alcohol  of  again  the  same  strength  as  that  used  pre- 
viously. Daddi  differentiates  in  this  alcohol  for  the  same  length 
of  time  as  was  taken  for  staining  the  sections.  Mount  the  sections 
in  glycerin  (Daddi ;  I  prefer  liquid  paraffin).  It  is  necessary  not 
to  use  alcohols  stronger  than  80  per  cent,  as  otherwia©  the  fat  is 
apt  to  be  extracted.  The  myelin-sheath  of  nerves  stains  a  pale-red 
colour,  but  this  is  washed  out  by  treatment  with  80  per  cent  alcohol 
fur  half  an  hour. 

Animals  fed  on  oil  coloured  with  Sudan  III  show  only  the  adi- 
pose tissue  stained  of  a  deep  orange  colour. 

Daddi  has  stated  that  palmitic  and  stearic  acid  crystals  also  stain 
with  Sudan  III,  but  this  is  wrong  as  shown  by  Kieder*,  by  C.  Hand- 
work ^  and  my  own  experiments. 

How  Sudan  III  acts  can  be  explained,  th&nka  to  the  systematic 
researches  i>f  Michaeli.s. 

Mkhaclis,  in  1901 ',  proceeded  as  follows:  Sudan  III  is  a  tetrasio- 
dye,  as  it  contains  the  azo-group  ( — N=N — )  twice  in  its  molecule 
(see  p.  388),  and  it  possesses  further  only  one  salt-forming  group, 
njunely,  the  hydroxyl-group  (OH)  occupying  the  ortho-position  U> 
the  azo-group  of  the  naphthalene  nucleus. 


\/ 


\/ 


\y 


Sudan  III  or  azo-benzcne-azo-/5-naphthol  *♦ 

That  a  double  azo-group  was  unnecessfiry  to  produce  a  staining  of 
fat  was  proved  by  the  behaviour  of  the  simple  azodye,  benzene-azo- 
/S^Aphthol : 


\y 


V\/ 


which  also  stains  fat.     Starting  now  with  this  compound,  containing 
the  hydroxyl-group  in  the  ortho-poeition^  the  effect  of  having  the 

»  H.  Ricd«»r  :  iMutsck.  Arrk,  f.  ktin.  Metl.  59  liSgaX 

»  C.  Handwork  :  ZritMK  f.  fiM.  Uikr.  16,  183  (1898). 
•■Le<in6r  MichniHs  .  •  Ober  Fi-tt-Farhstoflfe.'  rirrAow'a  ^re*.  IM,  963  (»y>»- 

•  This  compouml  d'><«s  not  wntain  the  hydroxyl-group  Oil  a«  r<'l>r«io:it«<l  In 
the  formuln,  hut  tho  oyjgrn  •ttoched  to  the  naphthol  radical  in  the  flp-mition 
•iid  the  H  atUehod  to  ■  pcutavalent  N,  as  «zpUiDod  later  on  la  the  t«xt. 
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hydroxyl-groiip  in  the  para-po»ition  was  studied.     Using  however, 
benzene-azo-a-n  aph  t  hu  I, 


'-'=/V-N 


OH 


no  staining  of  fat  was  obtained. 

If  the  staining  of  fat  depended  on  the  hydroxyl  being  in  the  ortho- 
position  to  the  azo-group,  then  dyes  containing  no  naphthalene,  but 
only  a  benzene  nucleus,  ought  also  to  stain.  Michaelis  knew  that  an 
ordinary  phenol  has  the  hydroxyl-group  always  in  the  para-position 
to  the  azo-group  if  it  be  added  to  diazo -benzene,  but  that  if  the  para- 
position  be  already  occupied  the  OH  group  will  take  up  the  ortho- 
position.  He  therefore  combined  diazo -benzene  w^ith  paracreaol  or 
toluene-phenol. 

OH 


OH 


1 

r   \— N=N— OH  +  r  \ 


diazo-benzene 


/\_„=y-/\ 


CH, 


+  H,0 


CH, 

+  paracreaol  =  ortho-oryazo-dye. 


This  ortho-oxyazo-dye  dissolved  in  70  per  cent,  alcohol  stains  fat 
an  orange-red  colour 

Analogously  to  benzene-azo-a-naplithol  (see  above)  the  azo-dye 
prepared  from  orihocresol  does  not  stain: 


r  ^-N=N 


V 


/^ 


I 

OH 


-CH, 


Benzidene+j9-naphthoI  or  paracreaol  also  form  azo-dyes.stainii^ 
fat ;  but  because  of  the  large  size  of  their  molecules  they  only  diffuse 
with  difficulty,  and  cannot  therefore  be  recommended.  Such  a  dye  is 
diphenyl-tetrozo-di-jS-naphthol. 
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OH- 


\/\y 


OH- 


^N= 


Oompftrable  to  this  compound  in  its  action  ia  diphenyl-tetrazo-di- 
pancresol. 

So  far,  Michaelis  had  arrived  at  the  conception  that  the  ossenlial 
fiiftor  in  staining  fat  was  the  ortho-poaition  of  the  azo-  and  the 
hydroxyl  groups;  hut  then  it  was  found  that  the  following  para- 
azo-dye 


-N=N- 


\y 


-O .  C,H. 


I 


prepared  from  diazo-henzene  and  phenetol  stained  fat,  altbottgh  it 
contained  no  free  OH  group. 

The  idea  of  connecting  the  staining  of  fat  with  the  absence  of 
a  salt-forminR  group  suggested  itself  next,  and  this  view  was  sup- 
ported by  tht'  behaviour  of  the  two  above-mentioned  henzene-azo 
a.  and  ^  naphthols.  The  Rlpha-compound  is  an  acid  dye.  and  unites 
as  do  all  phenols  with  alkalies.  Imt  the  yS-compound  combinea 
neither  ynih.  acids  nor  alkaliea.  whilt?  it  is  readily  soluble  in  chloro- 
furni,  and  to  a  l^eas  extent  in  alcohoh  As  the  y?-oompouud  does  not 
form  salts  it  cannot  be  a  phenoMike  budy,  possessing  the  hydrogen- 
atom  linked  on  to  the  oxygen-atom  as  in  the  case  of  hydroxyl  (OH), 
and  therefore  must  have  the  hydrogen  linked  on  to  a  nitrogen-atom, 
thus: 

H 
I 


(See  tlie  introduction  to  the  azo^dyes,  p.  385.  and  the  hydrazon« 
dyes,  p.  395.) 

Michaelis  arrived,  therefore,  at  the  conclusion  that  fat  will  be 
stained  by  those  azo-dyes  which  are  '  indifferent,*  in  the  sense  of 
possessing  no  salt-forming  groups,  and  he  has  succeeded  in  pointing 
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out  along  which  Hnos  azo-dyes  have  to  be  built  up  syntlietically.  if 
we  wish  to  obtain  stains  sui'pasaing  Sudan  III  in  their  staining  power. 
He  recommends  as  a  substitute  for  Sudan  III,  the  'Scbarlach  R' 
or  fat-ponceau  of  Kalle  and  Co.  in  Biebi-eich  a/Bh.  This  substance  id 
azo-orthotoluol-azo-^-naphthoI : 


N=N— r     \-N=N=. 


\y 


— CHj 


V\/ 


t«  be  obtained  from  E,  Leitz,  Berlin,  or  HoUborn  and  Grabler, 
Leipzig,  or  Alexander  Frazer,  Teviot  Place,  Edinburgh. 

It  is  insoluble  in  water,  acids,  and  alkalies,  slightly  soluble  iu 
alcohol,  very  soluble  in  chloroform,  fatty  oils,  and  melted  paraffin. 
It  dissolves  with  a  blue  colour  in  concentrated  sulpburic  acid.  Sec- 
tions of  material  fixed  in  foiTnalin  and  cut  Avith  a  freezing  micro- 
tome, stained  for  15  to  30  minutes  in  a  ssiturated  solution  of  fat- 
]wnceau  in  80  per  cent,  alcohol,  show  the  minutest  fat-di'ops  stAined 
a  deep-i-ed  colour. 

Micbaelis  considers  the  staining  of  fat  to  be  a  purely  physical  and 
not  a  chemical  process,  and  concludes  that  the  physical  pi-operties  of 
a  body  depend  on  its  chemical  character,  because  the  dye  molecules 
to  be  soluble  iu  fat  must  have  a  very  definite  chemical  constitution. 

I  conclude  from  the  work  of  MicbaeMs  that  the  union  between  fet- 
ponceau  or  Sudan  III  and  oleic  acid  is  a  chemical  one  depending  on 
the  oxidation  of  the  unsaturated  fatty  compound.  Therefore  the 
action  of  Sudan  III  and  similar  dyes  is  analogous  to  that  of  osmium 
tetroxide  ;  the  only  difference  being  that  azo-dyes  form  additive  com- 
pounds with  the  fat  without  changing  their  colour,  while  osmium- 
tetroxide  after  having  formed  additive  compounds  is  readily  decom- 
posed owing  to  the  high  valency  of  the  osmium  (see  p.  306). 

Alcannin  (p.  441)  was  first  recommended  by  iJippeX^  for  the  recog- 
nition of  resins  and  fats  in  vegetable  tiflsues.  How  this  reagent  acts 
is  very  diificult  to  say. 

Rvpe',  whom  I  have  consulted,  has  kindly  offered  the  following 
suggestions  :  (i)  That  an  additive  compound  is  formed  between  the 
alcannin  and  oleic  acid ;  (2)  that,  taking  the  two  additional  H-atoms 
into  consideration  (p.  304),  a  reduction  of  the  fatty  acid  may  occur, 
which  is  not  likely  ;  and  (3)  that  the  fatty  acid  may  become  oxi 
at  the  expense  of  the  chromophore,  although  this  last  explanation 
if  alcannin  is  really  a  dioxy-anthraquinone,  should  mean  red 
of  the  cliromophore  and  therefore  loss  of  colour. 


'  Dippel  :  Dm  Mikroakop,  and  edit.  271. 

*  Httijs  Rupe  :  Chemie  tter  natHrlicheti  Farbstc^ff'c,  F.  Viewcg,  igoow 
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Cyanin  or  Bleu  do  Quinolein  (p.  432),  first  advocated  by  Crrtes^, 
must  be  used  in  very  dilute  solutions,  1 :  100,000  to  1  :  500,000,  which 
have  to  be  preserved  in  the  dark.  Used  in  these  strengths  only  the 
flit  gmnulea  of  infusoria  are  stained. 

Its  method  of  action  is  quite  obscuiv,  nlthoujifh  the  fact  of  its  being 
an  iodine  conifniund  may  load  to  its  being  attrtiuted  by  oleic  acid  ; 
which,  as  abowti  on  p.  305,  has  great  attinitifs  for  the  halogens. 
It  is  not  necessary  to  suppose  that  an  actual  new  compound  is 
foi-med,  but  that  tlie  affinity  for  hnlojjceus  is  the  factor  which  deter- 
lutnes  tho  coellieiont  of  distribution  (p.  329J,  To  'explain'  the 
staining  of  fat  by  cyanin  on  Witt's  theory  of  solid  solutions  (p.  330K 
in  hot  giving  an  explanation  at  all,  but  amoinits  simply  to  staling 
a  fact  iu  a  rtmndubout  way. 

K.  Brandt  "  states  that  dilute  solutions  of  Bismarck-brown 
(r  13— 5,000)  also  stain  fat  in  addition  to  a  peculiar  celluloid  mucus 
in  infusoria. 

Necrosed  Adipose  Tisane. 

Mlassak^,  in  1898,  stated  that  fat  will  stain  like  medullatod  nerves 
by  Weigert's  method  (p,  233I,  if  it  is  fixed  in  Erlicky's  lluid  (see 
p.  94),  because  of  the  formation  of  large  auiounta  of  copper  soaps. 

Bcndn*,  in  1900,  observed  in  material  fixed  in  10  per  cent,  formol, 
and  subsequently  inWeigert'sne^urog^lia  mordantfp.2361,  that  necrosed 
adipose  tissue  l)ecomes  in  the  copper  acetate  solution  of  a  verdigris 
colour  or  aa  if  covered  with  '  iwitina,'  Fatty  acids  and  calcium  soaps 
give  this  reaction  at  once  ;  oleic  acid  specially  readily,  while  palmitio 
and  stearic  acids  re4|uire  treatment  with  solutions  heated  up  to  the 
boiling-point  or  &  prolonged  treatment  with  Weigert's  mordant 
at  40°  C. 

Benda  especially  draws  attention  to  the  fact  that  the  fatty  acids 
form  copper  salts  without  losing  their  shape.  It  was  pointed  out 
aliove  (p.  306!  how  exceedingly  diiBcult  it  is  to  prepare  pure  stearic 
or  palmitic  acid,  and  therefore  it  is  just  possible  that  Benda  m.iy 
have  had  in  reality  the  palmitic  and  stearic  crystals  coatamiiiatod  by 
oleic  acid,  when  working  with  the  necrosed  tissue. 

(c)  Protagon  and  Lecithin, 

a.    Their  chemical  cotistitution, 

I.  Protagon  was  first  isolated  by  Liebreich '.  It  readily  breaks 
up  into  the  glucoside  oerebrin  and  into  lecithin,  which  latter  on 
decumpjsition  gives  rise  to  higher  fatty  acids,  glyoero-phosphoric  acid 
and  cholin  (see  below). 

According  to  Rappel,  protagon  is  readily  soluble  in  warm  (45"  C.) 
alcohoL     It  is  hardly  soluble  in  cold  but  fairly  so  iu  warm  ether, 


*  C«rtea  :  ZooL  An*.  81,  aoft-axa  ;  84,  937-988  (t88i). 

*  K.  Brundt :  Biol.  CmtnM.  I,  floa  (1881). 

'  WlasMk  :  AreK./.  SnlwMmkmgmimhamk,  6,  464  (1898; 
'  C.  B«ii<la  :  V'irdMe't  AnMiv,  161,  194-198  ^igoo). 
'  Lic'brvioh  :  Ann,  d.  Chimie  w.  FKarm,  134,  39  ^1865}. 
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while  by  boiling  ether  it  is  decomposed.  In  cold  water  it  is  very 
slightly  soluble,  but  swells  up  to  form  finally  an  opmque  solution. 

Cerebriu,  according  to  Parens ',  consists  of  three  closely  allieil  suL- 
stunces,  namely; 

(i)  Phrenoain  or  pure  cerebrin,  which  is  completely  soluble  in 
boiling  ether. 

(2)  Ilomooerelirin  (kerasin),  which  occurs  in  less  amount  than 
phrenosin.  It  is  more  soluble  in  alcohol  than  phrenosin,  but  also 
soluble  in  boiling  ether. 

(3)  Encephalin,  which  is  clos«ly  related  to  homocerebrin.  With 
hot  water  it  forms  a  jelly. 

Protagon,  on  bt*ing  boiled  with  dilute  sulphuric  acid,  gives  rise 
to  galactose  (Thiei-felder '),  and  to  a  fatty  substance  calleil  cetylid 
by  Geoghegan,  which,  on  being  melted  with  caustic  jKitash,  splits  up 
into  marsh  gas,  CH^,  and  palmitic  acid.  Cerebriu  and  homocerebrin 
by  oxidation  with  warm  nitric  acid  give  rise  to  stearic  acid  (Kossel 
and  Freytag*). 

Cerebrins  are  nitrogenous  substances  which  are  abundant  in  the 
medullary  sheaths  of  nerves  and  in  the  yolk  of  eggs.  Their  mother- 
substance  protagon  is  also  found  as  Jekorin  in  the  liver  and  brain 
(Drechsel '),  in  tlie  spleen  (Iloppe  Seyler),  in  leucocytes  (Lilienfeld), 
and  in  spermatozoa  (Kossel  and  Freytag). 

II.  Lecithin,  C,4H„jKP0,jt  contains  the  following  radicals  :  glyce- 
rin and  phosphoric  acid  combined  to  form  glycero-phosphoric  acid  : 


CH,  ■  OH 
CH  OH 
in,  •  0--P0 


/o^, 

OH 


This  in  its  turn  is  united  to  two  molecules  of  a  higher  fatty  acid, 
namely,  to  two  molecules  of  stearic,  or  palmitic,  or  oleic  acid — or 
there  may  be  one  stearic  or  one  palmitic  acid  molecule  along  with  <»ne 
oleic  acid  molecule.     Distearo-glycero-phosphoric  acid  is,  for  example. 

CHj .  0— C^Hj^CO 
CH  0— C„H,,CO 
CH,0-P0<^2 

This  compound  unites  with  the  ammonium  base  cholin 


/(CH,), 
N— CHj- 
\0H 


CH,— OH, 


'  Pa  reus  :  Inaytgitral-Ditatrt,  (Leipzig,  1881)  ;  and  Jmim.  f.  jyraki.  Chem.  24,  310 
(1881). 

*  Thierfelder .'  Ztitach./.  physiol,  Chemie,  H,  aog  (1890). 
»  Koswl  and  Frcytag  :  Zeilxh./.  phy8i<A.  Chemit,  17,  448  (1893). 

*  Dnchse]  ;  Jvtim./.  prakt.  Chrmie,  83,  435  (1886). 
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to  form  thedistearin-lecithin  or  diiRtearyl-glycero-phosphate  of  cholin  : 

CH,  '  O-  CVH„CO 

I 
CH  .  0-C„H3,C0 


I 

CH, .  0-po— o  ■  c,n,  1 


I 

OH 


(CH,), 
HO 


■  N 


The  micro-chemical  reactions  of  Protagon  and  Lecithin. 

Fiirst  ill  1896  studied  the  action  of  OsU^  and  the  effect  of  removing 
it  from  nerves  hy  i>eroxide  of  hydrogen.  He  also  quotes  the  older 
literature'. 

liudoif  Wlassuk"^  has  thoroughly  investigated  the  micro-chemistry 
of  myolin  or  the  substance  of  the  iue«lu]Iar\-  sheath  of  white  nerves. 
Ho  endoavoui'ed  to  solve  the  questions  why  the  medulhiry  sheaths 
stain  with  osmium  tetroxide  and  with  the  methods  of  Weigert 
(j).  233 1,  and  Marcbi  (p.  251). 

Wljuisak  lias  investigated  the  action  of  these  methods  on  chemi- 
cally pure  protajjon  and  I«*cithin. 

Pmltujon  was  prepartnl  by  digesting  the  brains  of  calves  with 
alcohol  at  45"^  C,  filtering  the  wurm  extract  und  cooling  it  to  o*^  C. 
By  this  means  protagon  crystiils  and  chole»terin  are  separated. 
The  latter  is  extracted  with  ether,  and  the  protagon  crystals  were 
repeatetlty  purified  by  recrystallization  with  alcohol.  Of  these 
crystals,  made  into  a  pjiste  with  alcohol,  cover-glass  preparations  were 
made  ;  the  alcohol  eva})orated  ;  the  cover-glasses  were  rinsed  in  normal 
saline,  and  were  then  suhjectod  to  the  different  staining  methoils. 

A  2  i>er  cent,  solution  of  osmium  tetroxide  and  Altmann's  mixture 
(equal  parts  of  2  i>er  cent.  OsO^  and  5  per  cent.  K^Cr,0,)  give  to  the 
crystals  a  yellowish -brown  colouration.  Marchi's  method  produces 
a  yellow  colour.     Osmium  tetroxide  gives  thus  negative  results. 

Crystals  lixed  for  several  weeks  in  5  per  cent,  potassium  bichro- 
mate, washed  in  water  and  mordHtited  with  neutral  acetate  of  copper 
and  treated  with  Weigert's  borax  ferricyanide  solution,  give  mostly 
dubious  results:  but  if  the  crystals  are  fixed  in  Weigert's  potassium 
bieliromate  and  chrump  alum  method,  a  staining  is  obtained  with  hae- 
matoxylin,  indistinguishable  from  an  ordinary  Weigert  preparation. 

To  still  further  prove  that  Weigert's  reaction  of  medullated  nerves 
depends  on  the  protagon  radical,  experiments  were  made  with  the 
spinal  cord  of  the  frog.  The  wliole  of  the  lecithin  and  cholesterin 
were  removed  by  the  tolluwing  prtK?etlure : 

1.  Fix  the  co'rd  in  80  i>er  cent,  alcohol  at  0°  C,  for  twelve  hours 
to  partially  dehydrate  the  tissue. 

2.  Replace  the  alcohol  with  ether,  also  cooled  to  zero,  and  then 
extract  the  cord  at  the  room-temperature  for  one  week  with  muny 
elunges  of  ether.     (Some  protagon  is,  however,  extracted.) 

>  Carl  M.  Far»t:  Morj>M.  Arb.  6,  539  <  1B96X 

*  WlMaak  :  ArtK/.  EntwieMurngtrntcfMnik  d.  Org.  t,  453  ;i898). 
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3.  Place  the  cord  again  in  cooled  alcohol  to  extract  the  ether; 
replace  the  alcohol  with  normal  saline,  and  mordant  the  cord  in 
Weigert'a  chrome  alum-bichromato  mixture. 

After  staining  sections  by  Weigert's  method  (p.  234),  the  protagon 
is  seen  round  the  axis-cylinder  as  small  discrete  luaii»8  and  droplets. 

Protiigon  is  thus  a  substance  which  readily  reduces  the  chromium 
salts  intoCrO,,,  and  the  latter  acts  as  a  mordant  for  the  haematoxylin. 
The  resistance  offered  to  the  process  of  ditYei-entiation  depends  essen- 
tially on  physical  factors,  and  we  have  no  right  to  call  Weigert's 
method  of  staining  medullated  ner\'e-fibre.sa  micro-chemical  reaction. 

Lecithin :  Pure  crystals  made  into  cover-glass  films,  stained  with 
osmium  tetroxide  for  10  to  12  hours,  and  rinse<l  in  water  show  only 
a  yellowish-brown  colour.  If,  however,  cover-glasses  treated  in  this 
way  are  left  for  a  longer  time  in  water,  which  must  be  frequently 
changed,  then  tiieixs  is  developed  gradually  a  pure  grey  tint,  which 
appi-oaches,  where  the  film  is  thick,  more  or  less  to  black.  This 
secondaiy  staining  is  seen  still  better  if  cover-glasses  ai"e  trt^nted  with 
water  containing  alcohol.  Wlnasak  pointy  out  tbat  lecithin  crj'stals 
and  medullated  nerves  never  show  the  intense  black  colour  which 
is  obtained  by  treating  oleic  acid  with  osmium  tetroxide. 

With  Marchi's  method,  pure  lecithin  crystals  do  not  stain  ;  they 
only  turn  a  yellowish-green  colour,  and  thei'efore  behave  exactly 
as  do  medullated  nerves.  Lecithin  thus  loses  its  power  of  reducing 
osmium  tetroxide  if  it  is  kept  for  some  time  in  a  solution  of  potassium 
bichromate,  wliile  oloiu  does  not. 

Sitjger  and  Miivzer^  were  the  firet  to  show  that  perfectly  normal 
nerve-trunks  may,  and  that  adipose  tissue  always  does,  shuw  a  black 
reaction  with  the  Marchi-Algeri  method,  and  Wlassak  adds  that 
young  developing  nerves  may  also  show  a  black  reaction. 

Wlassak  in  summing  up  strifes  that  Weigert's  haematoxylin 
method  stains  the  protagon  :  that  osmium  tetroxide  stains  fat  and 
lecithiti,  wliile  the  method  of  Murchi  only  stains  fat. 

Ilullibmion  and  Moft^  have  studied  the  chemistry  of  nerve  de- 
generation. If  peripheral  nerves  are  placed  directly  in  Marchi's 
solution  results  are  olitained  which — apart  from  a  somewhat  deeper 
greyish -green  colouration  of  the  medullary  sheaths — are  indistin- 
guishable from  those  seen  after  the  ordinary  process  (p.  251),  while 
the  medullated  fibres  in  the  central  nervous  system  are  stained 
black.  This  difference  the  authors  attribute  to  the  periphend  nerves 
being  surrounded  by  a  primitive  sheath,  while  the  central  ones  are 
not.  This  explanation  does  not,  however,  take  into  account  the  fact 
that  normal  peripheral  nerves  do  stain  readily  with  osmium  tetroxide, 
although  the  Schwann's  sheath  is  present,  nor  does  it  account  fur 
the  transverse  sections  of  nerves  fixed  in  MtiUer's  fluid  staining 
readily  in  osmium  tetroxide  if  the  myelin -f- chromium  compomid 
is  broken  down  as  in  Heller's  method  (p.  253). 

The  following  explanation  seems  more  likely:   As  shown  above 

*  Singer  and  MUnzer  :  Denkschr.  der  math.-naiwnB.  Klasse  4.  Jc.  Akad.  d.  Wist. 
Wien,  55. 

*  HuUtburtoQ  and  Mutt :  PMl.  Trans.  A>y.  Soe.  London,  I9i,  437  (190a). 
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only  the  tmsAtisfied  acrylic  series  of  fats,  represented  by  olein,  is 
capublc  of  reiluoing  osmium  ietroxide,  and  it  haa  further  l)een  pointed 
out  (p.  3i2(  that  lecithin,  usually  described  as  a  distearin  compound, 
may  also  eontjiin  the  oleic  acid  radicHl.  From  the  staining:  ttffects 
which  arp>  obtninnd  with  a  si.dution  of  osmium  tetroxide,  it  follows 
either  that  a  certain  small  jMsrcentAge  of  tli«  lecitliin  normally  con- 
tains oleic  acid^  or  that  some  oleic  acid  is  readily  formed.  The  latter 
view  is  based  oa  Wlassaks  observation  (p.  31 4I',  that  pure  lecithin 
will  stain  with  osmium  if  it  bo  kept  for  some  time  iu  water. 

When  Halliburton  and  Mott  find  that  nerves  plac<td  directly  in 
Marchi's  fluid  become  distinctly  darker  than  others  which  have  bt*en 
previously  treated  with  Mdller's  solution,  it  means  one  of  two  alter- 
natives : 

(i)  In  the  cASe  of  the  peripheral  nerves  the  quickly  diffusing 
|H>tassium  bichromate,  b}'  oxidising  the  olein  radical  of  the  stearin- 
oleindecithiji,  can  so  modify  this  lecithin  that  practieully  no  call  is 
made  upon  the  osmium  tu  part  with  its  oxygen,  and  hence  the  osmium 
does  not  become  reduced  and  the  nerve  does  not  appear  black  :  or — 

(2)  The  peripheral  nerves  may  differ  from  the  central  nei-ves  in 
possessing  either  less  olein,  or  haviu|>i^  the  latter  joined  up  to  the 
stearin  radical  in  some  mminer  other  than  that  met  with  in  the 
centi-al  nervous  system. 

The  Mott-Halliburton  method  of  fixing  peripheral  nerves  dii-ectly 
in  Marchi's  fluid  saves  a  great  deal  of  time,  and  ami>ly  fulfils  all  ordi- 
nary demands  on  the  method^  but  it  does  not  allow  of  a  recognition 
of  that  first  stftge  in  nerve  degeneration,  which,  lung  before  the  nerve- 
fibre  breaks  up.  Is  characterized  by  a  general  darkening  of  tiio  fibres. 

In  conclusion  a  word  of  warning  may  not  be  out  of  place  :  Heller's 
method  (jt.  253)  shows  how  easy  it  is  to  break  down  the  lecithin- 
chrome  compound,  and  then  subsequently  to  stain  nerves  with 
(."•iniium  tetroxide.  Therefore  in  practising  Marchi's  method  we 
should  jdways  lie  ou  the  guard  not  t<j  undo  the  preliminary  fixation 
in  Miiller's  fluid  and  thus  to  induce  the  ap|>earance  of  degenerated 
fibres  where  none  exist.  I  have  the  conviction  that  prolonged  treat- 
ment with  Busch's  fluid  (p.  252),  especially  at  high  temperatures,  is 
apt  to  give  more  positive  results  than  would  the  original  Marchi- 
Algeri  method.  This  holds  good  e8[»ecially  for  that  stage  when 
fibres  are  commencing  to  degenerate;  when  prolonged  treatment 
with  Muller's  solution  would  make  the  fibres  appear  almost  normal, 
while  A  short  sojourn  in  the  bichromate  mixture  would  allow  them 
to  become  stiuned  with  osmium  tetroxide. 


I 


3.   Protoid  Substances. 

Hofmeister  and  his  school,  and  particularly  Pick  •,  distinguish  in 
proteid  substances  three  distinct  groups,  the  anti-,  the  hemi-  and  the 
carbohydrate  groups  which  CohnLeim  *  considers  to  be  different  de- 
rivatives of  a  common  motber-substimce. 


'  Pick  :  ZtitKh,  f.  phytki.  Oum,  28,  019  (.1899;. 
*  CohnJicim  :  The  Chtmittm  ^FnttUi*, 
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H               The  anti-group  resists  strongly  the  action  of  trypiic  (and  peptic) 

H            digestion,  of  acids  and  alkalies.    It  is  reju'esented  by  hetero-albumose, 

H            and  is  abundant  in  gelatin  while  absent  in  casein.     It  contains  much 

H            diamido  acid,  much  leucin  and  other  aniido  fatty  acids  (thus  probably 

H            the  whole  of  glycoeoll).  and  also  phenyl-amido-propionio  acid,  but  the 

H             mother  radical  of  tryptophane  and  tyrosin  is  absent. 

H                 The   bemi-group   is    readily  acted    upon    by  trj-^ptic  (and   peptic) 

H            digestion,  by  acids  and  alkalies.      It  is  represented  by  casein   and 

H            protalbumose.     It  contains  much  mono-amido  acid,  the  whole  of  the 

H            tyrosin  and  tryptophane  :  little  diamido  acid  and  amido  Mty  acids, 

H            little  or  no  leucin  ;  no  glycocoII ;  as  much  sulphur  as  the  original 

H             proteid,  but  in  loose  combination.     It  ia  present  in  all  proteids  with 

H             the  exception  of  ^olatin. 

H                Both  the  anti-  and  the  hemi-group  contain  more  nitrogen  and 

H             carbon  but  less  oxygen  than  the  original  i.>rateid. 

H                 The   carbohydrate  group,  in    addition  to  a  carbohydi'ate  radical, 

H            ooutuins  much  oxygen,  but  little  nitrogen  and  carbon.     It  is  absent 

H            in  casein. 

H                The  staining  reactions  of  these  three  groups  are  given  in  a  tabular 

H            form  : 

Biuret  R. 

Jtantho- 
profeic  R. 

MiQon's 

Wyoxylic 
acidR. 

F%uffiin)t 

hjfd«R.         B.              I 

^L^        Aiiti-group 

^^^H        Hemi-group 

^m                Carbohydrate 
H                     group 

+ 
+ 

? 

+■ 

+ 

+ 

+ 

+ 

M 

^^^                                        [a)  The  Biuret  Heaction. 

^^^         Ferdhwnd  liosc^^  in  1833,  observed  how,  on  adding  an  excess  of 

H             copp»er-8iiIphate  solution  to  egg-white,  or  ox-serum,  thei-o  was  formed 

H            a  greenish  precipitate,  which  was  soluble  in  an  excess  of  albumin, 

H             in  acetic  acid,  and  also  with  a  deep  blue  colour  in  ammonia.     On 

H             addmg  caustic  potash  to  the  green  copi>er  albuminate,  the  latter  dis- 

H             solved  with  a  violet  colour ;  boiling  this  violet  solution  precipitated 

H             copper  oxide,  while  the  solution  remained  violet 

■                  (r,  Wiedetnann,  in  1847  \  obtained  biuret  as  one  of  the  decomposition 

H             products  of  ui-ea,  and  pointed  out  that  biuret  with  copper  sulphate 

H             and  potassium  hydrate,  forms  a  purple  solution. 

H                 As  Rose's  reaction,  with  eo{>per  sulphate  and  a  fixed  alkali,  ia  ob- 

H            tained  both  with  biuret  and  with  proteids^  the  reaction  with  the  latter 

^^            is  shortly  called  the  biuret  reaction. 

^^H           E.  Brucke,  in  1883*,  first  isolated  in  a  crystalline  form  the  pure, 

^^^            *  Horn:  'tjbor  d.  Verbindungen  d.  EivFoiaa  mit  MetAlloxydon,'  PoggendcrJTm^^ 
^^              Ann.  d.  I'hysik  u.  Chem.  28,  137  (1833).                                                                             ^^H 
^^^_            '  Wiedemann  :  Joum,  f.  prakt.  Chem.  42,  355  rOet.  1847).                                       ^^^| 
^^H           *  Brilcke :  Mannish./.  Chem.  4,  303  (1883).                                                                  ^^M 
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violet  copper-biuret  compound  by  adding  freshly  precipitated  and 
wa-sheJ  copper  hydroxide  to  an  alkaline  solution  of  biiu-et. 

II.  Schiff^,  in  a  veiy  masterly  manner,  lias  solved  the  question  as  to 

when  the  biuret  reaction  occurs :  Dry  urea  or  carbamide  0=C\«tt* 

when  heatod  in  a  crucible  to  155°  C.  melts  and  then  commences  to 
boil,  ammonia  being  given  off.  After  a  time  the  clear  sidution  l»e- 
oomee  turbid  and  Ibe  boiling  becomes  less-  vigorous,  owing  to  the 
increased  visfosity  of  the  fluid.  Wlienever  this  stuge  is  reached  ' 
a  considerable  part  of  the  una  haa  become  converted  into  allophun- 
amide  or  biuret : 

|n._p   NH2    _    -rrw/^C>  —  NH,, 

inea     s=     biuret. 

With  potassium  hydrnle,  biuret  forms  a  potassium  salt  because  of 
the  displacement  of  II  of  the  imin  group  NH,  by  the  electrically 
stronger  K,  thus 

CO— NH. 


HN\p^ NTt'    l^J^comes 


KN 


<:o— NH, 


The  metals  silver  and  mercury  also  attach  themselves  usually  to 
the  imin  group,  but  coppt^r  compounds  seem  to  i-esemble  I'ather 
cuprammonium  compounds,  as  for  example,  the  coi»iier  derivatives 
of  many  alipliatic  amido  acids  in  which  the  Cu  is  attached  to 
the  anttdo  radical.  Copper  salts  caii  unite  directly  with  biuret,  while 
copper  hydroxide  can  nut,  but  in  the  presence  of  free  caustic  potash, 
KOH,  this  behaviour  is  reversed. 

On  adding  copper  8iil|>hate  to  the  potassium  salt  of  biuret  a  potas- 
sium cuprammonium  hydrate  is  formed  in  which  the  copper  acts  aa 
the  link  Ijetween  two  m<d»-cules  of  potus.sium  biuret, 

SchiflF  believes  the  compound  giving  the  biuret  colour  to  have  a  con- 
stitution in  which  the  nitrogen  of  the  amido-group  is  pentavalent : 


OH 


OH 


,«ff><X>.H,N— 
^^VCOH.N-] 


Cu- 


OH 


NH.,.CO^.JJ^J 

K-NH,.CO/^" 

I 
OH 


That  the  metallic  radical  is  Joined  on  to  the  NH^  group  is  shown 
by  the  following  considerations;  The  copi>er  is  not  likely  to  enter 
the  CO  group,  and  it  cannot  enter  the  imin  group  NH,  as  tlie  latter 
may  be  replaced  in  biuret  by  the  methylene  CH^  group,  as  in  melon- 
amide,  without  the  biuret  reaction  being  interfered  with  :  and  as  the 
1?H  group  may  be  absent  altogether,  as  in  the  open  chain  compound 

*  SchilT:  Btr.  d.  dmOaek.  c*«m.  Geaetltch.  29,  i.  098  (1896), and  Ann.  d,  CKtm.  w.  Pharm, 
ffW,  336  :1897  V 

*  On  oontinuing  to  heat  cyaouric  acid,  CjH,K,0|,  is  formed. 
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oxamid©  in  which  the  two  carbon-atoms  are  directly  joined,  the  copper 
must  enter  the  NH._,  group,  hence  the  above  formula. 

^„  X:0  NH,  ^^  /CO  NH,  CO  NH, 

^^\C0  NH,  ^^»-<;0  NH,  CO  NH 

biuret  malonamide  oxamide. 

All  substances  giving  the  biuret  reaction  must  conform  to  one  of 
the  tliree  types:  of  either  biuret,  or  mjilonaraide,  or  oxamide. 

In  malonamide  and  biui-et  two  hydrogen  atoms,  but  in  oxamide 

only  one,  may  be  substituted, — The  O  of  the  amido-carboxyl  group 

/CS  •  NH 
may  be  replaced  by  sulphur,  as  in  thiobiuret  HNypQ   xrw*' 

Schiff,  in  a  later  paper  \  shows  that  a-asparagin  (onion  red)  and 
methyl-a-aaparagin  (rod  violet)  belonging  to  the  oxamide  type,  and 
glycocoUamide  (glycinamide  or  amino-acetaniide) ;  further  /3-asparagiu 
and  homo-aaparagin  (blue-violet)  belonging  to  the  malonamide  type, 
give  the  biuret  reaction. 

r  CO  NH,  f  CO  NHj     /  CO  NH, 

CHNHCHj    (  CH,NH, 


COOH 
a-asparagin 


cm, 

I 
COOH 

methyl- 
a-asparagin 


glycin- 
amide 


CH, 

I 
GHNH, 

I 
COOH 

)3-aspara- 
gin 


CONH, 

I 
CH, 

I 
ICH,-C-NH, 


COOH 

homo- 
asparagin. 


Emll  Fischer,  in  confirmation  of  Schiff's  theory,  obtained  a  biuret 
reaction  with  tlxe  fallowing  three  substances  which  are  com£MirabJe  te 
glyeinaraide ' : 

(i)  carbosy-ethyl-glycyl-glycinaraide  : 

C,H,COO'NHCH,  CONHCHjCO  NHj 

{2)  carboxy*ethyl-gIycyl-glycylleueine  ester; 

C,H,CO0  NHCH,  COKH  CH,'CONH  CH(C,Hg)COOC;Hj 

(3)  ciivbonyl-diglyeyl-glycinamide : 

00[NH CH^CONH  CH,CO  NH,], 

The  free  acid  corresponding  to  the  first  of  the  three  substances  just' 
mentioned,  namely 

COOH .  NH  •  CH, .  CO  -  NH .  CH^  •  CO  •  NH,, 

does  not  give  the  biuret  reaction,  probably  owing  to  the  presence  of 
acid  groups  in  the  molecule.  This  principle  cannot,  however,  be  gene- 
ralized, as  a-asparagin,  as  shown  by  Schiff  (see  above),  does  give  a  rod 

*  Schiff:  Ann.  d.  C/ietmc,  310,  37  (1900). 

•  Pisclier  and  Fournaau  have  given  Lbu  term  gljcyl  to  the  radical  [NH,CH,00}. 
Gljcin  or  glyoocoll  -  (NH,)CH„C0OH. 
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reaction.  The  ordinary  asparagin,  COOII  •  CH  (NH^) CH,  CO  •  NH„ 
which  ncconling  to  Schiff  js^ives  a  hluish-viol&t  colour,  Fischer  says 
reacts  so  little  as  to  iianlly  justify  the  exprtssioii  *  biuret.' 

The  dianiido-aspartic  acid,  NH,  •  CO  •  C1I(NH,)  •  CH,  •  CO  NH„ 
gives,  however,  a  strong  biuret  reaction  (Fischer). 

MicRo<HEMicAL  Bh'het  Reactions. 
Uric  Acid. 

Sftint-Hilaire'  advises  the  following  procedure:  Fix  the  tissue  m 
alcohol  and  take  it  throug-h  the  celloidin  process.  Treat  sections  by 
either  of  the  two  following  processes  : 

(o)  Leave  sections  for  some  hours  in  5  to  10  per  cent,  copjier 
sulphate  solution  ;  transfer  them  directly  into  a  seething  hot  satu- 
ratcnl  sohition  of  sodium  bisulphite  for  one  to  two  minutes  to  reduce 
the  cupric  salt,  and  to  funn  the  verj'  insoluble  cuprous  urate  ;  wash 
sectionft  very  carefully  in  distilled  water,  and  finally  place  them  in 
a  solution  of  potassium  ferrocyanide. 

ib)  Place  sections  in  Artliaud's  and  Butte's  reagent,  rendered 
slightly  alkaline  with  sodium  carbonate ;  wash  carefuUy,  and 
trafisfer  to  potassium  ferrocyanide. 

Or  freeh  tissues  are  fixed  in  a  hot  sohition  of  sodium  bisulpbate  to 
which  sufficient  capper  sulphate  has  been  added  to  just  avoid  precipi- 
tation :  the  organ  after  careful  washing  is  leased,  or  sections  are  cut 
and  these  are  finally  treated  with  potassium  ferrocyxmide. 

The  reaction  depends  on  the  formation  of  copper  ferrocyanide 
[Cu,(C  N,>,Fe,].  which  has  a  reddish-brown  colour. 

[Cuprous  oxide  witli  potassium  ferrocyanide  produces  a  red  colour, 
in  addition  to  uric  acid,  also  with  adonin.  hypoxanthin,  and  other 
bases,  further  with  histone  and  dilute  solutions  of  protaniin.J 

Histone. 

While  investigating  the  uric  aci<I  reactions,  Saint-Ililaire  noticed 
occiisioniUIy  a  marked  red  staining  of  the  nuclei,  wliich,  as  furtlier 
re.searches  showed,  was  not  obtained  with  cuprous  salta  a.s  in  the 
case  of  uric  acid,  but  with  cupric  salts,  lie  arrived  at  the  conclusion 
that  tlie  substance  in  question  was  histono,  for  reasons  to  be  stated 
immediately. 

Macro-cheniically  histone  is  prepared  as  follows :  Tissues  rich  in 
nucleo-hl>itone,  for  example  the  thymus,  are  extracted  with  water; 
the  nucl»Hi-liist<ine  obtained  in  this  way  is  precipitated  by  the  addi- 
tion of  dilute  acetic  acid  or  of  cAlcium  chloride  to  the  watery  extract ; 
the  prfcipitnte  is  washed  in  alcohol  and  ether,  and  decomposed  by 
dilute  hydrochloric  acid,  which  liberates  the  histone. 

If  the  same  procedure  is  adopted  for  micro-chemical  research,  then 
tissues  extracted  with  water  do  not  give  the  histone  reaction  (see 
below),  while  a  feeble  reaction  is  obtaine«l  if  tissues  be  fixed  in  acetic 
acid.     Acting  with  dilute  hydrochloric  acid  on  tissue  fixed  in  acetic 

'  C«>nHtnntin  Sninl-Hilnirc  ;  '  Otx-r  einigt>  mikroskopiiH-lie  Reuctioben,' ZfitecA. 
/.  pkfiUiL  Clum.  26,  ioa-109. 
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deeompcMea.  Oie  nadBolurtooe,  and  tbe  kiataos  pwctioo  will 
ttiMBiB  »Qie  mgtod,  pw»¥iJed  tiw  hydPMhkrit  acid  ia  not  allowed 
toactfartookf  timm  — ethmriiatiwliirtMi  ■  •rtimeted.  If 
•n  akobolk  Jwrfwd  «f  walerf  ■olBfiow  a#  liy&artJotie  acid  be  oaed, 
the  pgdeo-hiatooa  iaakp  d^wwB  rwwil,  tol  the  hiHNww  i»  no4  exfaartad. 


Ilei 


^Smml-Hamin. 


(i)  Rx  tiaauea  in  aleohol,  soUiniale^  dOote  aeetie  or  hydrodJorie  aeid, 
Mtomted  magnesiam,  anunoniain,  or  to  per  cent.  copptJ  aulpluUa 
flolalioaa.  R^iid  fixation  ia  Msential  to  pceTcnt  tba  noeieo-lnstoae 
ad  protomin  paaoing  from  Um  nucl«as  into  tba  ullyihim  Imbed 
in  eelloidin  and  eut  sections. 

(2)  Treat  the  sections  in  the  presence  of  an  alkali  with  a  capric  (not 
eoproaa)  salt  This  is  most  readily  done  fay  sabgeeting  the  tiasaea 
llntlj  to  watery  0-3  per  cent  cupric  sulphate,  and  aofaeeqnently  to 
a  cva  per  eant.  watery  or  alcoholic  aolation  of  sodium  cariioiiate  or 
caustic  soda. 

The  Ije^t  plan,  however  is  to  heat  the  sections  in  the  violet,  alkaline 
solution  which  is  obtained  by  acting  on  a  peptone  solution  with  co|^>6r 
sulphate  and  soda,  as  is  done  in  the  macro-chemical  biuret  reactioo. 

The  presence  of  histone  is  shown  by  the  nuclei  turning  a  red 
colour,  resembling  that  seen  in  sections  stained  in  carmin. 

Histone  may  be  extracted,  after  alcohol  fixation,  from  sections 
(i)  by  boiling  for  5  minutes,  or  heating  from  35°  to  60  C.  for  some 
hours,  or  leaving  the  sections  in  cold  water  for  24  to  48  hours,  or 
(2I  hy  boiling  with  dilute  mineral  acids  for  a  short  time. 

The  opftosite  eifect,  namely,  fixing  the  histone  in  the  nuclei,  is 
ensured  by  treatment  with  alkalies,  especially  ammonia,  and  certain 
salts,  such  as  the  carbonate,  hydrate,  and  phosphate  of  sodium,  or 
ammonium  and  magnesium  sulphates.  As  these  reagents  extract 
ndenin  and  the  alloxur  bases,  it  follows  that  the  red  biuret  reaction 
of  the  nuclei  must  be  due  to  histone. 

It  was  mentioned  i|bove  that  Saint-Hilaire,  while  investigating  uric 
acid,  occasionally  noticed  a  red  colour  reaction  with  nuclei,  notwith- 
standing the  fact  thnt  cuprous  salts  were  used.  He  explains  this  on 
the  ground  that  histone  and  protamin  are  precipitated  by  cuprous 
salts,  the  latter  in  combination  with  ferrocyanide  then  giving  the  red 
colour.  To  me  it  seems  more  likely  thut,  under  certain  conditions, 
uric  acid  is  formed  in  the  nuclei  owing  to  the  complete  breaking 
d«jwn  of  nucleic  acid  (see  p.  283). 

If  fresh  tissues  are  treated  first  with  ammonia  or  soda,  or  if  they 
be  placed  directly  into  the  alkaline  peptone-copper  sulphate  solution, 
it  is  impossible  to  obtain  the  histone  reaction  ;  as,  further,  the 
hi<i)tone  is  not  extracted  from  the  tissues  by  ammonia  in  the  presence 
of  salts,  w^hich  are  always  present,  it  follows  that  it  must  V>e  present 
in  the  nuclei  in  an  undecomposed  form,  and  also  that  alcohol,  in 
fixing  the  tissue,  must  somehow  dr-compos©  the  nucleo-histone,  or 
otherwise  it  would  be  impossible  to  obluiu  the  histone  reaction  with 
alcohol-fixed  material. 
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Saint-Hilaire  further  raade  use  of  Lilienfeld's  observntion  thai  lime- 
water  decomposes  mieleo-histones,  forming  an  insoluble  lime-histone. 
A  thymus  was  left  for  two  days  in  liniewator,  and  sections  wei-e 
treated  by  the  methods  stated  above,  with  the  result  that  histone 
could  be  demonstrated. 

{h)  The  Xantlio-proteic  Reaction  \ 

On  adding  strong  nitric  acid  to  proteid  substances,  a  yellow  colour 
is  produced  owing  to  the  formation  of  nitro-substitulion  products 
with  the  para-hvdroxyphenyl-amido- propionic  acid  or  tyrosiu. 
C,H,{0H)CH,-CH(NH.JC00H  ',  analogous  to  the  formation  of  picric 
acid,  CHjfNOj),©!!  |p.  383),  or  its  reduction  compound  picramic 
acid,  QH  iNO.j^NHpH.  The  yellow  xanthoproteic  colour  by  the 
addition  of  nnnmonia  1>ecomes  orange,  and  by  a  alight  excess  of  caustic 
soda  reddish-brown.  By  the  rMlJition  of  nitric  acid  the  aulphui- 
radical  in  the  molecule  is  oxidized,  and  therefore  the  sulphur  reaction 
(see  belowj  is  not  obtainable. 

(c)   Hillon's  Beaction. 

MiUon  in  1849*  recommended  for  the  detection  of  proteid  Bub- 
atances  a  mixture  of  mercuric  and  mercurous  nitrate,  but  there  are. 
also  present  in  this  mixture  free  nitric  and  nitrous  acids.  Pruteids 
acquire  in  this  reagent  a  reddish-jnnk  colour,  i^juickly  on  being  heated 
and  slowly  at  the  ordinary  temperature.  Hoffmann  *,  quite  inde- 
pendently of  Milion,  advocated  n  mixture  of  mercuric  nitrate  and 
potassium  nitrate  for  the  detection  of  tyrosin  ;  and  Hudneff^  pointed 
out  the  connexion  between  the  proteid  and  the  tyrosin  reactions. 
P/«p'^<7c'' obtained  Millon's  reaction  with  phenols,  salicylic  acid,  and 
the  decomposition  products  of  tyrosin.  NdHsc"'  then  showed  that  the 
reaction  is  obtained  with  all  hydroxylated  aromatic  substances. 
Nickel*  explained  the  reaction  as  a  typical  nilroso-reaction. 

The  two  most  recent  papei-s  are  by  Vauliel  *  and  Nasse '". 

Vttulxl  prepares  Millon's  reagent  by  dissolving  i  part  by  weight 


'  Details  ms  to  the  «x«rt   inUtraction  are  given  in  Colinliaim'B  ChemiMtry  0/ 

sMdc,  Engluh  traaalation.  Macmillan  &.  Co. 

>  TfTMin  ia  aUo  called  para-hydroxyplienyl-slabin,  bccaus^e  alanin  is  a  t«nn 
given  to  a>amidO'ivropi«:>Qic  acid  CH^CU  NH,'iCOOH,  while  loucin  in  a-amido- 
JBOcaproic  ncid  CH.CH,  ,.CH,.CH;NII» -COOH,  caproie  acid  being  C,Hj,Oj  or 


H 
H-C- 
H 


H    H   H 

-c— c— c 

II    H    H 


c< 


OH 


'  Millon  :  Compt.  limd.  28,  40  ^.1849'. 

*  Reinhntd  Hoffmann  :  Ann.  d.  Cktm,  m.  Pharm.  87,  134  (1853). 
»  Kildtinff  ;   KircAowt  XnrA.  88,  71  («865). 

*  Flu^M  :  ZtiUch./.  analf/t.  Chem.  11,  173  (1879). 

*  Na-w  :  Chrm.  CentratU.  1897,  p.  487. 

*  Nickel :  />»«  Parbmreaeiiinmi  d,  KMimstoffTwrlHndttnyen,  Berlin,  1890. 

*  Vniibcl :  Ztitaeh./.  nnpmc.  Oum  (1900  .  p.  1135  ;  abstracted  in  Jown.  Si>c  Chim, 
Indiut.  20,71  (190O,  from  which  my  account  ia  taken. 

^  NaaMi :  tytOger't  Arch,  88,  361  (1901 ). 
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of  metallic  mercury  in  i  part  by  weight  of  nitric  acid  (sp.  gr.  T'4), 
warming'  the  mixture  gently,  and  then  adding  2  parts  by  weight  of 
distilled  water.  This  solution  contains  tlierefore  mercuric  and 
mercuroua  nitrate  and  nitric  oxide,  which  latter  may  be  converted 
into  nitrogen  dioxide  by  the  atmospheric  oxygen.  As  these  gases  are 
essential  for  the  reaction,  Millon's  reagent  should  not  be  over- 
heated. 

Vaubel  obtained  positive  results  with  the  following  substances : 


(i)  Q^H,OH-X,  such  aa  tyrosin,  p-diphenol,  phenol-phthalein.  and 
hydroquinon©. 

I       a  1^4 

(2)  CftH^OH-X  and  C^Ha-OH-X-X,  such  aa  pyrocatechol,  guaicol, 
j»-niti"o-salicylic  acid, 

J_    —  A.  \     °   ^  ^ 

(3)  CH.OHX.X  and  CH.OHXXX.  such  as  a-  and  y3-naph- 

thol,  1-4  bromo  and  ehloro-a-naphthol  and  bromo-/J-naphthol, 

1.    1. 

(4)  CJI^OH-X,  such  as  resorcinol  and  wt-cresol. 

But  no  reaction  was  obtained  with — 
I      346 

[a]  C„H„OH-X'X'X,  such  as  tribromo-phenol,  dibroniO'|)-di- 
phenol,  dibromo-tyrosin^  dibromo-o-cresol,  dibromo-^cresol,  and 
dibromo-jp-nitrophenol. 

J.    A  A 
{b)  C^jHjOH-X-X,  such  aa  orcinol  and  phloro-glucinol. 

(c)  Thymol  {see  p.  299)  and  pyrogalloi  (see  p.  436J. 
The  interaction  between   phenol    and   Millon's   reagent   Vaubel 
supposes  to  take  place  thus  : 

2 C,H,OH  +  2 NO  +  O  =  2 C,H^OH  -  NO  +  H,0 
C.H.OH-NO  +  4HgNO,+  NO  -haC.H.OH 
■N.O.C.H.O  "1 


HO— N~ 


0- 


-ngj 


+  N0,+3HA 


This  compound  on  being  heated  with  caustic  soda  solution  log 
mercury,  and  a  new  compound  is  obtained  which  is  soluble  in  thi 
rflustic  soda  with  a  reddish-brown  colour,  and  which  is  precipitable 
by  acids. 

H0N(N0,C,H,0Hg),  -|-  9Na0H= 

NaON<{^^*g^^^j^)^  -f-4Hg  -f-  sH.O  +  2NaN0,  +  2NaN0,. 

Nassc"^  lays  stress  on  the  point  first  mentioned  by  Plugge,  that 
Millun  s  reagent  as  generally  prepared  will  readily  lead  to  hydroxyla- 
tion  of  benzene  derivatives,  and  that  therefore  the  typical  Millon's 

•  Nasse  :  Pfiuger't  Atxh.  83,  361  (1901). 
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Traction  may  l>o  obtaiDed,  although  primarily  no  hydroxylated 
benzene  compounds  have  been  present. 

For  this  reason  Nasse  prefers  not  to  use  the  Millon's  reagent 
commonly  employed,  as  it  contains  nitric  acid,  but  to  substitute  for 
it  a  watery  solution  of  mercuric  acetate,  which  ia  mixed  immediately 
before  use  with  a  few  drops  of  a  i  i>er  cent,  solution  of  sodium  or 
|iutassium  nitrite,  taking  special  care  not  to  add  too  much  of  the 
nitrite.  Should  the  acid  reaction  of  the  mercuric  acetate  be  not 
sufficient  to  procure  the  colour-reaction^  then  a  little  acetic  acid  must 
he  added. 

Millon's  reaction  is  interfered  with  by  the  presence  of  {)eroxide  of 
hydrogen,  or  by  larger  amounts  of  chloriih^s  (Salkowfeki't  and  alcohol 
(Nasse),  although  the  latter  may  be  added  after  the  i-eaction  is 
completed. 

With  the  Millon-Nasse  reagent  ortho-compounds  give  a  brownish- 
red  colour,  while  para-compounds  become  bluish-red  (up  to  pure  blue), 
and  in  strong  solutions  rose-pink,  as  for  example  tyrosin  and  its 
derivati%'e  paracresol.  Meta-compounds  give  only  indefinite  colour- 
reactions.  Nasse  strongly  recommends  a  systematic  study  of  tho 
formation  of  aromatic  compounds  in  plants,  to  determine  how  and 
when  benzoic,  salicylic,  and  j)-oxyb©nzoic  acids  are  formed. 

A  Specific  Tjrosin  Heaotion. 

Deniges^  has  recommended  the  well-known  phenol-aldehyde  reac- 
tion for  the  detection  uf  tyrosin.  Xassc^,  in  repeating  Denig^' 
observations,  has  found  iht^  following  to  lie  a  verj'  delicate  test  for 
tyrosin.  as  lieitlier  proteids  nor  peptones  give  the  colour-reaction. 
Proceed  thiLs :  Add  a  few  drops  of  formol  solution  to  concentrated 
sulphuric  aei<],  when  on  warming  with  tyrosin  a  brown-red  colour 
is  obtained,  which  on  the  addition  of  acetic  acid  becomes  green. 

(r/)    The  Tryptophane- Glyoxylio  Aoid  Beaotion. 

Adamkiewicz  in  1874*  showed  that  egg-whit«  which  was  dried, 
which  had  its  fat  removed,  and  which  was  dissolved  in  acetic  acid 
gave,  on  the  addition  of  strong  sulphuric  acid  at  the  Junction  of  the 
two  acids,  a  play  of  colour:  red,  green  and  Tiolet  rings  being 
formed. 

Udriknazky*  believed  tho  reaction  to  be  a  furfurol  reaction,  and 
Hofmeister  *  interpreted  the  reaction  as  due  partly  to  furfurol  and 
partly  to  oxyphenyl  radicals  of  an  artmiatic  group. 

Hopkins  and  Cole',  however,  showed  the  reaction  to  depend  on 
glyoxylic  acid,  which  is  a  coomion  impurity  in  acetic  acid.     They 

*  Salkowvki  :  Vireko»^$  Arth,  81,  553, 

*  D«uigte :  Cimpt  Rmd.  130,  563  ( 1900  . 

*  N«B»e:  F^flOqeft  Arth,  88,  361  (1901  1, 

*  A.  Adamki<«wicz :  i^il^a  Arch.  9,  156  (1874)  ;  and  in  Ber.  d.  deutsch.  cAem. 
Otia.  8,  I,  161  (1875). 

'  VdrAoskj:  ZeitteK /.  phyiol.  Chtm.  12,  395  (1688). 
'  Hofmeiator :  ibid.  24,  159  (1897'!. 

*  Hopkins  «ad  Cole  :  Proc.  kov.  Soc  March  1901,  p.  ai. 
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also  disproved  tlxe  furfiirol  theory,  aa  this  substance  gives  no  colour' 
reacfciona  with  glyoxylic  acid.  Pure  acetic  and  sulphui'ic  acids  acting 
together  on  proteids  char  them,  but  if  sufficient  glyoxylic  is  present 
no  charring  occurs,  and  n  pure  violet- blue  colour  is  developed. 

Glyoxylic  acid,  HCO-COOH  or  CH!OH),-COOH,  contains  Uie 
aldehydic  and  carboxylic  groups  in  juxtaposition.  It  is  most  rendily 
prepared  in  this  way:  'Place  in  a  moderately  strong  solution  of 
oxalic  acid  a  few  lumps  of  sodium  amalgam,  the  amount  taken  of  the 
latter  being  less  than  sufficient  to  neutralize  the  acid.  When  the 
evolution  of  hydrogen  has  ceased,  the  solution  is  poured  off  from 
the  mercury  and  filtered.'  This  solution,  even  if  greatly  diluted, 
gives  the  typical  Adamkiewicz  reaction  if  it  be  mixed  with  the  proteid. 
and  if  then  at  least  one-third  the  volume  of  sulphuric  acid  is  added. 

None  of  the  following  stibatances  give  the  glyoxylic  reaction : 
glycol,  glycollic  aldehyde,  glycoUic  acid,  glyoxal,  oxalic  acid  (which 
are  typical  two-car Iwn  compounds) ;  glycuronic  acid, 

HCO(CHOH),COOH 

(an  aldehyde  acid) ;  pyruvic  acid,  CHj-CO-COOH  (a  ketonic  add|. 
Mesoxalic  acid  does  give  the  reaction,  but  only  because  it  loses 
carbon  dioxide  and  is  converted  thereby  into  glyoxylic  acid. 

In  a  later  paper  Hopkins  and  C<>le^  desci-ibe  how  to  isolate  the 
proteid  radical  which  gives  the  typical  glyoxylic  reaction.  The  sub- 
stance in  question,  having  the  formula  G„Hi.^N,0.^,  is  either  indol* 
amino-propionic  acid  or  skatol-amino-acetic  acid. 

Indol,  C„H^  =.  C,H,<^g5.CH. 

Amino-propionic  acid  =  CH^CHlKHj-COOH. 

Indol-a-propionic  acid  =  C,H.<^^CCH(CH,)>COOH. 

Indol>amino-propionic  acid  =  C,H/^^^C  C(NH3)(CH  )CX>OH. 

Skatol  (or  /3-methyl-indol)  C,H,N  =  C,H,<(*^^^>^C?H. 

Amino  acetic  acid  (or  glycosin)  C,H,NO,  =  CH,(NH,)COOn. 
Skatol-amino-acetic  acid, 

C„H,,N,0,  ^  C,H,<^j^^»>C.CH(NHJCOOH. 

The  skatol-amino-acetic  acid  is  in  all  probability  the  much  sought- 
after  tryptophane,  which  is  supposed  to  be  the  chief  substance 
producing  the  brown  and  black  pigments  in  the  body. 

With  glyoxylic  acid  the  tryptophane  of  Hopkins  and  Cole  gives  in 
the  presence  of  sufficient  sulphuric  acid  a  deep  indigo  colour,  while 
weak  solutions  show  the  ordinary  violet-blue  colour  of  proteid  solu- 
tions.    To  obtain  the  typical  trj'ptophane  reaction,  add  cautiously  to 

•  F.  Qowland  Hopkins  and  Sydney  W.  Colo  r  Joum.  o/PhytioL  27, 418  C190X}. 
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a  watery  solution  of  this  subataoce,  bromine,  when  a  rose-red  colour 
is  produced,  which  may  be  extracted  with  amyl-alcohol. 

The  indol  above  referred  to  ia  a  condensatiun  product  of  a  henzeno- 
ring  nnd  a  pyrrol-ring,  these  two  rings  having,  after  condensation, 
two  CH -groups  in  common: 

CH  CH 


UQ^  ^CH 


HC 


CH=CH 


V 

benzene 


CH 


.11.- — \>n,\ 

I  /^^ 


CH=CH 


pyrrol 


HC 


HC 


CH=CHv 

\nh 

CH=CH^ 


For  this  reason  indol,  and  also  trjrptophane,  give  the  typical  pyrrol 
reaction  (see  also  p.  395). 

(e)  The  Pyrrol  Beaction. 

On  steeping  a  piece  of  pine- wood  ia  strong  hydrochloric  acid  and 
alcohol,  and  then  bringing  it  in  contact  with  indol,  a  red  colour  ia 
developed.  If  a  pine-wood  match  is  steeped  in  strong  hydrochloric 
acid  ;  the  excess  of  acid  washed  off  with  water ;  the  match  dipj  ed  in 
a  strong  solution  of  tryptophane  and  then  either  dried  or  held  in  the 
steam  of  a  water-bath, — a  deep  blue  colour  is  developed  (Hopkins 
and  Cole). 

Hopkins  and  Colo  point  out  that  in  the  light  of  their  work  the 
production  of  skatol  and  indol  derivatives  from  proteids  can  no 
longer  be  looked  upon  as  a  secondary  process,  especially  as  the 
glyoxylic  acid  colour-reactions  are  obtained  with  normal  proteids,  and 
as  tryptic  digestion  is  not  sufi&ciently  violent  to  materially  alter  the 
constitution  of  the  proteid  molecule, 

£mil  Fischer's*  discovery  that  pyrrolidin-carboxylic  acid  results 
from  proteid  hydrolysis,  Hopkins  and  Cole  believe  to  be  fully  estab- 
lished by  their  own  work.  The  pyrrol-ring  may  therefore  exist  either 
as  skatol  or  as  pyrrolidin-carboxylic  acid. 

TheN-methyl-pyrrulidin-a-carboxylic  acid,  according  to  Wilbtftlter^ 
has  the  formula : 

H,C? — CH , 

I       >N.CH, 
H.C-CH 

I 
COOK 

(The  Furfurol  Reaction  is  given  on  p.  299  under  the  caibohydrates.) 

Some  special  methods,  usually  described  as  'micro-chemical,'  have 
already  been  referred  to  when  discussing  the  principles  of  staining, 
for  example  Weigert's  methods  for  fibrin  on  p.  213,  for  neuroglia  on 

'  Ftnil  Pitcher:  Z. /.  pkysiol.  Cfum.  S3,  164  (1901'/. 

*  R.  >VillsUtt«r :  •  Synthese  (L  Hjrgrinafturo,'  Bm,  d.  dmUteh.  cA«m,  GmlUch.  88, 
1160  ,i90o)< 
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p.  236 ;  the  WeigerirStroebe  method  for  axis-cylinders  on  p.  222 ; 
Ehrlich's  methods  for  mast-cells  on  p.  213,  and  for  neutrophil  granules 
on  p.  219;  Gamoy's  methyl-green  method  for  nuclei  on  p.215;  Gram's 
and  Claudius'  methods  for  bacteria  on  p.  223  ;  v.  Kupfifer's  methods 
for  nerve-fibrils  on  p.  224,  for  star-shaped  ceUs  of  the  liver  and  the 
connective  tissue  of  the  liver  on  p.  267  ;  Apathy's  neuro-fibril  method 
on  p.  240  ;  a  method  for  white  fibrous  tissue  on  p.  216  and  one  for 
red  blood-corpuscles  on  p.  217,  and  stains  for  mucus  on  pp.  238,  246. 

Other  methods  dealing  with  special  tissues,  such  as  elastic  fibres, 
have  not  been  dealt  with  in  this  chapter,  partly  because  I  do  not 
know  how  to  classify  these  methods,  and  partly  to  keep  this  chapter 
on  micro-chemical  reactions  free  from  all  dubious  reactions. 

On  pp.  445-451  a  number  of  methods  omitted  in  this  chapter  have 
been  placed  together  under  the  provisional  heading  of  micro-ana- 
tomical reactions. 

The  discussion  of  intra  vitam  staining  has  purposely  been  left  out, 
as  I  know  as  yet  too  little  about  the  chemical  side  of  this  most 
interesting  aspect  of  histo-physiology. 

The  examination  of  fresh  tissues  is  also  not  discussed. 


PART  VII. 


CHAPTER  XXIV. 
The  Theory  of  Staining. 

General  IntroduotioD. 

Is  the  fitainrng  of  animal  and  vegetable  matter  by  dyes  a  purely 
physical,  a  purely  chemical,  or  a  physico-chemical  process  ? 

These  questions  have  been  open  for  a  long  time  and  cannot  h&  Haid 
to  hnve  been  answered  as  yet  in  all  theii-  difiVrent  aspects.  There 
are  upholders  of  all  three  views. 

Whatever  takes  place  ultimately  between  the  tissue  and  the  dye, 
it  is  evident  that  they  must  first  of  all  be  brought  t<jgether,  and  this 
is  only  possible  by  physical  means,  lu  the  chapter  on  the  principles 
of  staining  (pp.  1 98-211  )^  the  physical  aij|.>ects  of  the  tissue,  the  dye 
and  the  solvent,  and  the  question  of  time  have  been  discussed,  and 
I  believe  purely  physical  staining  not  only  to  be  possible,  but  also  in 
DUkny  C6»n&  to  be  mistaken  for  chemical. 

But  we  have  not  only  to  reckon  witli  tissues  which  aa  regards  the 
staining  fluid  have  been  rendered  com|tletely  insoluble  aiul  which 
absorb  dyes  as  will  a  piece  of  dry  chalk  by  imbibition,  or  as  doea 
carlx>n  l>y  adsorption,  but  also  with  material  which  has  preserved  its 
original  characters  more  or  less,  or  which,  although  its  primary 
nature  has  Ijeen  changed  completely,  is  still  able  to  act  chemically. 
For  this  reason  it  is  necessary  to  study  in  connexion  with  staining 
the  fixatives  which  were  used. 

In  addition  to  the  physical  and  chemical  state  of  the  tissues  we 
have  to  inquire  further  into  the  dy<^  and  their  solvents,  not 
not  only  from  the  physical  aspect  as  has  been  already  done,  but  also 
from  the  chemical  side.  It  is  for  this  reason  that  the  chapter  on  the 
chemistry  of  the  dyes  has  been  appended  to  this  volume,  and  that 
solvents  containing  *  accentuators '  have  been  classed  together  (p.  212), 

The  General  LawB  goveming  Osmosis. 

Osmotic  pressure  is  that  force  which,  cliemical  action  being  ex* 
eluded,  causes  the  molecules  of  any  substance  to  separate  from  one 
another,  and  in  doing  so  either  to  pass  in  between  the  molecules 
of  other  suiTOunding  substances  '  by  diffusion,* — or  to  attract  and  to 
store  between  themselves  the  molecules  of  some  outside  substance  by 
'osmosis.' 

Diffusion  is  thus  the  power  by  which  substances  j>ass  from  a 
place  of  higher  concentration  to  that  of  a  lower  one.  In  the  rase  of 
gases  the  molecules  diffuse  into  ether,  the  molecules  of  solutions 
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which  are  raiscible  diffusa  into  one  another,  and  the  molecules  of 
solids  provided  they  are  soluble  diffuse  into  solutions,  and  finally 
Bolida  may  diffuse  into  one  another. 

Thus  common  sjilt,  when  put  into  water,  behaves  as  if  it  were  a  gas 
(van 't  Hoff),  the  sodium  chloride  molecules  diffusing  jmrtly  as  such 
and  partly,  after  their  electrical  dissociation,  as  sodium  kat-ions  aud 
chlorine  an-ions  (see  pp,  ii,  12). 

William  Henry  '  in  1803  showed  that  a  gas  will  diffuse  into  water 
in  direct  proportion  to  the  amount  of  pressure  it  is  subjected  to, 
or  as  he  puts  it,  *  Water  will  take  up  under  equal  circumstances 
of  temperature  the  same  volume  of  condensed  gas  as  of  gas  under 
ordinary  pressure.  But  as  the  spaces  occupied  by  every  gas  are 
inversely  as  the  compressing  force,  it  follows  that  water  takes  up  of 
gas  condensed  by  one,  two,  or  more  additional  atmospheres,  a 
quantity  which,  ordinarily  compressed,  would  be  equal  to  twice, 
thrice,  and  so  on,  the  volume  absorbed  under  the  common  pressure 
of  the  atmosphere.' 

Dalton  in  1805  *  proved  that  if  a  mixture  of  gases  he  token,  each 
gas  is  absorbed  by  a  fluid  as  if  the  other  gases  were  not  present 
at  all,  or  in  other  words  in  direct  proportion  to  the  amount  of  per- 
centage or  '  partial '  pressure  it  exerts  in  the  mixture  of  gasfs. 
Therefore  a  gas  will  come  to  a  state  of  equilibrium  whenever  the 
pressure  of  the  gas  outside  the  fluid  (gaseous  pressure)  is  equal  to 
the  pressure  exerted  by  it  inside  the  fluid. 

As  the  amoimt  of  action  of  both  the  gas  and  the  fluid  can  be 
expressed  in  numbers  we  may  apeak  of  ths  coefficiency  of  action 
between  the  gas  and  the  fluid.  As,  further,  the  phenomenon  we  are 
studying  is  the  relative  amount  of  absorption,  we  speak  of  the 
coefliciency  of  absorj>tion. 

Thus  the  absorption  coefficient  of  oxygen  for  ordinary  or  one 
atmospheric  pressure  at  o'C.  is  0-04114,  and  that  of  nitrogen  at  the 
same  tempei-ature  equals  002035.  -^^  further  100  volumes  of  air 
contain  7904  volumes  of  nitrogen  and  20-96  volumes  of  oxygen,  the 
percentage  or  partial  pressure  on  the  nitrogen  is  07904  of  an  atmo- 
sphere, and  that  of  oxygen  is  o-2096.  Lastly,  as  the  solubility  of  a  gas 
is  proportional  to  its  partial  pressure, 

0-02035  X  0-7904  =  o.oi6oS4 

abaorption-coeffioient  of  N  x  partial  prt^ssuro  of  N  =  pniportion  of  N  d(s»olved 

in  water. 
0-04114  X  0-3096  s  o-ooS6a9 

absorpliori-coefBciont  of  0  x  partial  pressure  of  0  =  proportion  of  0  dlaaolyed 

in  wat«r. 

The  percentage  composition  of  nitrogen  and  oxygen  absorbed  from 
the  air  is  therefore  as  0-016084  ■  0-008629  or  as  65-09  to  34-91. 

Let  us  now  assume  that  Iti-stead  of  dealing  with  gases  and  fluids, 
we  have  to  do  with  two  fluids  A  and  B,  which  are  not  miscible,  and 
that  a  third  substance  C  Is  soluble  in  either  fluid  without  undergoing 
a  chemical  change.     On  shaking  up  A  and  B  with  C  the  latter  will 

•  Henry  :  Pha.  7V«»w.  29,  974  1 1803). 
'  Dalton  :  Manchester  Memoirs  1,1805), 
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distribute  itself  between  llie  two  fluids  in  a  very  definite  way,  as  was 
first  shown,  exporimentftlly,  by  Berthelot  and  Jungfieisch  '.  Thus 
C  will  never  dissolve  only  in  A  or  only  in  B,  but  ah^-aya  in  both  .4 
und  IL  Because  the  relative  amounts  of  C  in  the  fluids  A  and  B 
can  l>e  expressed  in  numljers,  the  term  'coefticient '  is  again  applied, 
and  as  C  distributes  itself  between  A  and  B  we  may  speak  of  tlie 
coefficient  of  distribution. 

The  coefficient  of  distribution  is  independent  of  the  relative 
volumes  of  the  two  solvents  ;  for  example  succinic  acid  dissolved  in 
a  mixture  of  ether  and  water  always  gives  the  coetficient  6-o,  which 
means  that  if  from  the  mixture  uf  ether  and  water  equal  quantities 
of  etlier  and  water  are  taken,  and  the  amount  of  acid  present  in  these 
is  determined,  the  ether  will  always  conU^in  six  times  more  acid 
than  does  the  water.  It  is  quite  immaterial  what  quantities  of  ether 
or  water  are  shaken  up  together  with  succinic  acid  ;  thus  the  coeflR- 
cient  of  succinic  acid  is  60,  whether  the  ether  is  to  the  water  in  the 
proportion  of  i  :  i  or  3  :  i  or  i :  3, 

In  1887''  van 't  Hoff  generalized  the  laws  of  Henry  and  Dalton 
given  above,  and  Siiid  that  if  the  molecules  of  a  substance  are  of  the 
same  size  when  in  the  form  of  a  gas  and  when  in  solution  (or,  ^vhat 
b  the  same,  if  molecules  in  equal  concentration  exert  the  same 
osmotic  pressure  in  the  gaseous  state  as  when  dissolved),  then  thia 
substance  will  dissolve  according  to  its  gaseous  pressure.  Reversely 
the  partial  pressure  exerted  by  the  substance  in  the  fluid  is  propor- 
tional to  the  osmotic  pressure  exerted  by  the  gas  in  the  space  above 
the  fluid, 

Nernst,  in  1891 ',  generalized  Berthelot's  and  van't  Hoff's  laws 
thus :  If  A  substance  dissolves  in  two  solutions  which  are  only 
slightly  iniscible,  and  if  its  molecules  are  the  same  size  in  both  fluid 
niediti,  then  it  must  possess  a  constant  coefficient  of  distribution. 
Further,  if  an  equilibrium  has  l>een  established  at  a  certain  tempera- 
ture, then  the  relative  concentration  of  the  substance  in  the  two 
solutions  must  bo  indop'tjdent  of  th»j'  quantity  of  either  of  the  latter. 
Each  molecule  will  also  behave  quite  independently  of  other  molecules 
which  may  be  present. 

The  reason  that  a  aubetance  diffuses  more  readily  into  one  of  two 
media  depends  on  the  fact  that  its  molecules  will  always  travel  in 
that  direction  where  the  least  osmotic  pressure  is  developed,  and 
an  equilibrium  between  the  two  solutions,  as  regards  the  diffusing 
substance,  will  he  only  established  when  the  osmotic  pressure  of 
the  substance  has  Ijecome  the  same  in  these  two  solutions. 

It  is  possible  to  modify  the  coefficient  of  distribution  between  two 
fluid  merlia  by  altering  the  nature  of  one  of  them.  If,  for  example, 
to  a  mixture  of  ether  and  water  containing  succinic  acid  in  the  pro- 
portion of  6  : 1  there  is  added  common  salt,  the  latter  will  dissolve  in 
the  water,  and  in  doing  so  raise  the  oaraotic  pressure  of  the  succinic 

^  Borlhelot  and  Jungfleisch  :  Atm.  dt  CA»m.  1*  de  Phft.  (4)  26,  396  (iB^a) ;  B«>r- 
titelot :  ibid.,  p.  417. 

'  van't  Uoff:  ZeiUch.f.  phygik,  ChtmU,  Ip  448  (1687). 

*  Kemat:  ibid.  8,  no  (1891;. 
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acid,  and  thereby  compel  it  to  pjisa  over  into  tho  region  of  less 
osmotic  pressure,  namely  into  the  etlier.  If  on  the  other  hand  an 
alkali  be  added  to  the  ether-water  mbcture,  the  alkali  will  dissolve  in 
the  water,  withdraw  the  succinic  acid  from  the  ether,  and  bind  the 
acid  by  formiug  a  salt.  As  a  chemical  change  takes  place  in  the  case 
just  mentioned  we  can,  iiceordiug  to  the  generally  accepted  definition, 
no  longer  apply  the  term  *  coefficient  of  distribution.' 

Should,  however,  an  alkali  have  no  affinity  for  an  acid,  such  as 
phenyl-glyceric  acid  CgH^  •  CHOH  •  CHOH  ■  CHOH,  then  the  acid  is 
driven  from  the  water  into  the  ether'. 

The  first  to  apply  the  physical  laws  just  stated  to  the  explanation 
of  physiological  phenomena,  and  to  explain  so-called  vital  processes  of 
absorption,  &e,,  on  the  ground  of  membranes  being  permeable  only 
to  certain  radical^  while  capable  of  withstanding  the  osmotic  pres- 
sure of  others  ;  the  first  to  have  realized  the  importance  of  the  la^VB 
governing  the  coefficient  of  distribution  in  relation  to  physiology,  is 
Hofmeister,  whose  beautiful  researchps  ai*o  so  little  known  as  to  still 
allow  some  people  to  speculate  on  vitalism  apart  from  physics  and 
chemistry. 

The  i>reliminar\'  account  given  above  was  necessary  to  explain  the 
physical  views  of  staining  put  forward  by  Witt,  v.  Georgievics,  and 
others. 

The  physical  aspect  of  staining. 

O.  K",  Witt',  in  1891,  published  his  theory  that  staining  is  simply 
a  question  of  solid  solutions.  A  solid  solution,  according  to  the  defi- 
nition of  van 't  HoflF*  in  1890,  is  a  firm  homogeneous  complex  of 
several  substances,  the  proportions  of  M'hich  may  vary  without  in- 
terfering with  the  homogeneity  of  the  solid,  the  isomorphic  mixed 
ciystals  of  aluma.  for  example,  being  such  solid  solutions, 

Witt  thus  holds  that  dyes  dissolve  in  solid  tissues  in  exactly  the 
same  way  as  they  do  in  fluid  media  ;  that  just  as  it  is  possible  to 
shake  out  certain  chemical  substances  from  their  watery  solutions  by 
means  of  amyl-aleohol  or  c4her,  so  does  the  tissue  under  certain 
conditions  take  up  the  dye  from  its  watery  solution.  That  the  dye  in 
the  tissue  is  in  solution  as  ia,  for  example,  gold  in  ruby  glass,  he 
holds  to  be  proved  by  the  fact  that  while  the  solid  crystals  of  fuchsin 
have  a  metallic  green  lustre,  the  solution  of  the  dye  in  water  or  in 
the  tissue  has  a  bright  red  colour.  He  argues  that  a  purely  physical 
absorption  ought  to  impart  to  dry  fabrics  or  tissues  not  a  i\>d  but 
a  metallic  green  appeai-ance.  Another  example  given  is  rhodamin, 
which  ill  the  dry  state  is  non-fluoiescent,  but  shows  a  marked  Huores- 
ceuce,  not  only  in  a  watery  solution^  but  also  in  the  '  solid  *  solution 
of  the  fibre,  which  latter  ia  thought  to  play  the  part  of  a  solvent, 

Witt  thus  does  not  take  up  a  purely  physical  standpoint,  neither 
does  he  believe  in  a  chemical  explanation. 

'  Bpiro  :  £f5erpAy«tA-(i/Mc/i«  undp/i ysiolbjriacha  Selection,  Strassbnrg,  1897. 
'  O.  Witt;  'Tlieorie  d.  FJlrboprocessea,'  F&rlierzeitung  (1890-1). 
'  J.  M.  vau't  Hoff  L  Zeitxh./.phtfMik.  Cfumie,  5,  $aa  (.i89o)- 
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Gierke '  was  the  first  histologist  to  draw  attention  to  the  fact  tliat 
most  staining  nif  thods  can  readily  l>e  explained  by  purely  physical 
laws ;  the  factors  coming  into  play  being — 

(i)  the  form  and  aiTangement  of  molecules, 

(2>  the  relative  size  and  shape  of  molecular  interslioea, 

(3)  the  nature  of  the  substance  eAerting  attraction, 

(4)  the  mte  of  diflfusion, 

(5)  the  teinperatui^. 

He  also  insisted  on  the  importance  of  remembering  that  the  pro- 
cess of  fixation  to  a  great  extent  determines  the  staining  power  of 
tissues. 

Not%vithstanding  the  fact  that  he  supposed  even  mordants  to  be 
taken  up  by  i,nrface  attraction  and  to  adhere  to  the  tisfsue  by  the 
same  force,  and  dyes  tu  pass  into  the  tissue  owing  mainly  to  their 
power  of  diffusion,  he  definitely  aays :  *  I  do  not  want  to  deny  the 
occurrence  of  chemical  unions  in  cells.  Just  the  very  opposite,'  and 
then  goes  on  to  point  out  that  from  a  micfo-cliemical  point  of  view 
such  staining  is  of  course  essential. 

Hawits '  h  also  an  ui>holder  of  the  physical  view  of  Btaining. 

G.  V.  Georgievics  states  in  support  of  the  physical  theory  of  stain- 
ing', that  dyes  are  not  on]y**arried  into  tije  tissues  by  diffusion,  but 
that  they  stain  different  fal>ric,s  to  a  different  extent  accordmg  to  the 
Amount  of  osmotic  pressure  they  can  develop  in  the  various  tissues. 
The  lower  the  osmtjtie  pressure  is,  to  which  u  dye  is  subjected  in 
any  medium,  the  larger  will  be  the  number  of  molecules  aggregating 
in  that  medium,  and  the  deeper  will  be  the  stain.  This  aggrega- 
tion of  molecules,  accompanied  by  a  change  in  the  molecular  state 
of  the  dye  radical,  he  holds  to  explain  most  simply  why  different 
tissues,  when  stained  with  the  same  dye,  show  varying  degrees  of 
fastness '. 

Adsorption.  The  dyos  having  once  diffused  into  the  tissues  are 
supposed  to  be  kept  there  by  the  adsorptivo  powers  of  the  latter. 
The  term  adsorption  was  first  used  by  Frankenheim  *  to  express  the 
property  possessed  by  all  solid  bodies,  and  in  particular  those  which 
ore  in  fine  subdivision  (carbon  or  platinum  black),  of  taking  up,  out  of 
mixtures,  liquid  or  gaseous  substances,  and  of  condensing  these  within 
themselves,  or,  strictly  speaking,  on  their  free  surfaces  (see  also  p.  365). 

If  C,  is  the  amount  of  dye  in  100  grams  of  a  tissue,  and 
C.  the  amount  of  dye  in  100  cc.  of  the  dye-bath,  then 

'  Gtorke;  'Fllrberei  xu  uukroskopischen  Zwecken,'  Zeitach.  f.  wiaa,  Miknrit, 
1  ^1884  I,  nud2(i885>. 

*  B.  Rawitz  :  '  Bemerk.  0.  MikrotontMhoeiden  a  A.  d.  Fftrben  mikroekopiMher 
PriL]ianite,'  Anat.  Anx.  18  (1897). 

*  G.  v.  O«or;givvics  :  •  Cber  d. 
Wkn,  108.  589  ^iSjH). 
C'895). 

'  A  colour  IB  said  to  be  fast  if  it  can  withstand  th«  action  of  «uch  phjaical 
and  chemical  means  as  light,  wat*-r,  acids,  alkalies,  and  soaps. 

*  Frankcinhoim  :  Ldvt  tvn  dtr  CokOshm,  158,  Brsslau,  1835.  Se«  also  Emil  da 
Boia  Raymond's  YtrUwngtH  it.  4.  l%jpik  d.  wgan,  StqffiMdutUf  Berlin,  1900. 


Weaen  d.  FArbeprooe«Ms,'  Sitzb.  Akad.  d,  Witm. 
See  also  r,  Georgievka  and  £.  Lowy :  ibid.  104,  309 


332 


THE  THEORY  OF  STAINING 


—  expresses  the  coefficient  of  distribution. 


From  van 't  HoflTs  an< 


Nernsfa   modification  of  Henry's   law  it   follows   further  that  if 

'  =  constant,   the  dye-radical  adsorbed  by  the   silk  must  have 
Ci 
a  molecular  structure  which  differs  from  that  which  exists  in  watery 
media  or  in  solutions  containing  sulphuric  acid. 

While  experimenting  with  indigo-carmin  (sulph indigo tate  of 
sodium)  and  silk,  v.  Georgievics  found  silk  did  not  stain  readily 
till  sulphuric  acid  was  added  to  the  dye-bath.  Up  to  a  certain  pointy 
the  amount  of  dye  taken  up  by  the  fibre  depended  on  the  quantity  of 
acid  which  was  added,  and  he  concluded  that  sulphuric  acid  acts  in 
this  case  in  exactly  tho  same  manner  as  does  sodium  chloride  when 
cotton  is  dyed  with  congo-red.  The  sulphuric  acid  acting  on  the 
indigo-carmin.  and  the  sodium  chloride  acting  on  the  eosin,  diminish 
the  stability  of  these  dyea  in  the  dye-bath,  or  in  other  words  increase 
their  osmotic  pressures,  and  thereby  force  them  to  go  to  a  medium 
where  they  are  subjected  to  less  osmotic  pressure,  namely  to  the  silk 
or  tho  cotton. 

To  prove  this  point  v.  Georgievics  extracted  silk  dyed  in  indigo- 
carmin,  firstly  with  water  alone,  and  secondly  with  water  contaijiing 
different  amounts  of  sulphuric  acid,  and  found  that  loss  dye  was 
extracted  by  increasing  tlie  amount  of  acid  in  the  water. 

Beyond  a  certain  point,  however,  the  addition  of  acid  to  the  dye- 
hath  had  the  reverse  effect,  as  now  the  silk  took  up  loss  dye,  owing 
to  some  of  the  sulphuric  acid  having  entei'ed  the  silk  and  having 
satisfied  its  adsorptive  properties  (v.  Georgievics). 

Diluting  the  dye-bath  also  changed  thecoefficientof  distribution.aathe 
fibres  combined  now  with  relatively  more  dyo  than  when  strong  solu- 
tions were  used,  and  the  gradual  increase  in  the  value  -r — r—-^ 

'  ^  C  — dye-bath 

with  diminishing  concentrations  of  the  stain  makes  it  to  bim  probable 
that  from  solutions  of  substantive  dyes '  the  fibres  take  up  simpler  d^'e 
molecules.  This  observation  agrees  with  the  fact  that  substantive 
dyes  stain  also  better  in  hot  solutions,  where  big  molecules  are 
broken  up  into  smaller  ones. 

Georgievics  holds  the  fact  of  sulphuric  acid,  up  to  a  certain 
degree,  augmenting  or  facilitating  the  adsorption  of  the  dye  to  be 
du-ectly  against  the  theory  of  chemical  union  between  the  fibre 
and  tho  dye,  as  chemists  must  assume  dye  radicals  in  the  fibre  and  in 

He  calls  -    _5  =:  constant 

the  first  stone  in  the  edifice  of  the  theory  of  staining,  and  believes 


the  bath  to  be  in  the  same  chemical  state. 


VC  dye- bath 


to  represent  the  action  of  most,  if  not  of  all  substantive 


C  fibre 

stains,  x   indicating  the  degree  of  affinity  of  a  dye  far  the  fibre. 
Although  the  results  which  v.  Georgievics  obtained  are  in  support 

'  Dyes  wliich  atain  directly  {p.  195). 
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of  Witt's  'solid  solution  theory,*  he  objects  to  having  the  notions 
of  colouration  and  solution  mixed  U|>  with  one  another. 

To  me  the  results  obtained  by  v.  Georgtcviea  aro  quite  explainable 
by  the  chemical  theor)'.  and  rpally  support  the  latter. 

It  is  not  at  all  to  I>e  wondered  at  that  fibres  absorb  relatively 
niore  stain  from  dilute  solutions^  liecatise  the  greater  the  dilution 
the  grejiter  will  also  be  the  electrical  dissociation  of  tlie  dye,  and 
correspondingly  greater  its  chemical  potency,  according  to  tI»o  view 
of  Arrhenius  (pp.  rr-13).  To  attribute  the  ready  staining  after  the 
additii>n  of  sulphuric  acid  to  an  increase  in  the  osmotic  pressure  of 
the  dye  in  the  staining  fluid  is  a  one-sided  way  of  explaining  facts, 
for  the  acid  does  not  only  act  on  the  solvent  and  thereliy  cause  an 
increase  in  the  osmotic  pressure  of  the  dye,  but  it  also  acts  on  the 
su] phonic  acid  dyes  in  such  a  way  as  probably  to  render  them  more 
basic  (see  under  Gillet's  view,  p.  362),  and  also  on  the  tissue  (see 
under   Knei^ht,   p.   362,   and   my  criticism   of  Fischer's   theory  on 

P-  336). 

That  water  containing  sulphuric  acid  (an  acid  bath)  extracts  less 
acid  dye  than  does  pure  water  is  again  readily  explainable  on 
chemical  grounds,  for  the  mineral  acid  of  the  bath  converts  the 
pseudo-basic  compounds  of  the  silk  into  real  bases,  and  these  by  form- 
ing insoluble  salts  with  the  acid  dye  radical  prevent  the  extraction  of 
the  dye  by  tlie  water  moiety  of  the  acid  bath- 

Another  point  emphiisized  by  v.  Goorgievics,  is  that  sulphuric  acid 
being  stronger  than  indigo-sulphunic  acid  should  satisfy  the  tissue- 
demands,  and  should  bo  unfavourable  to  .staining,  instead  of  which  it 
actually  favours  the  adsorjition  of  indigo-carmin  by  stlk. 

To  answer  this  question  the  following  points  have  to  be  con- 
sidered : 

{i\  How  is  it  known  that  sulphuric  acid  does  not  actually  satisfy 
the  demands  of  the  silk,  at  least  in  part;  and  that  the  degree  of 
colour,  which  we  see  in  the  fibres,  is  not  merely  that  amount  of 
colour-acid  which  is  depositeil  in  the  fibre  according  to  the  law 
of  mass  actii»n,  which  governs  both  the  sulphuric  and  the  indigo- 
sulphonic  acids? 

{2\  What  are  the  absolute  and  the  relative  amounts  of  electrical 
dissociation  of  the  indigo-sulphate  (a  salt)  and  of  sulphuric  acid  («)  in 
pure  water,  (&)  in  tlie  presence  of  one  another,  and  also  {c\  in  tlie 
presence  of  a  tissue  capable  of  reacting  chemically?  All  these  ques- 
tions will  have  to  be  answered  before  any  attempt  is  made  to  explain 
the  staining  of  silk  by  sulphindigotate  of  sodium. 

Gnehm  and  Roetbeli  state  the  chief  points  on  which  v.  Georgievics 
bases  his  theory  of  physical  staining  to  be  as  follows  ; — 

(i)  The  co-eflScient  of  distribution  Ijetweon  fibre  and  dye-bath  is 
eCNUtant  for  indigo-carmin  and  methylene-blue  (>i3  shown  above). 

(a)  No  molecular  proportion  exists  between  the  dye  and  the 
fibre. 

(3)  Substances  dye  with  indifferent  substaaoes, 

(4)  Many  dyes  sublime  from  the  fibraa 
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Hlulion  (ifdtjn. 

o-oo[a5      == 

36.7 

0-00250      = 

38.3 

0.05            = 

31 

O-Ot                  <3 

«7 

(5)  The  products  of  staining  exhibit  the  original  properties  of  the 
components  as  especially  pointed  out  by  Hwasa  and  v.  Perger  *. 

Gnehm  s  nnd  Roetheli's  views  are  given  on  p.  356. 

Spiro",  adopting  the  views  of  v.  Georgievics,  has  also  arrived  at 
the  conclusion  that  staining  depends  on  the  principle  of  the  coefficient 
of  distribution.  He  liases  Ids  observations  mainly  on  the  researcheft^ 
of  Hofmeister  *   and  those  of  his  pupils. 

Spiro  holds  that  chemical  staining  does  not  explain  why  dyes  are 
not  taken  up  completely  from  very  dilute  sohitions.  He  points  out 
that  we  cannot  assume  the  hypothetical  gelatin  +  dye  compound  to 
be  soluble,  as  gelatin  will  take  up  relatively  more  dye  from  weak 
solutions  than  strong  ones.  Thus  from  diflerent  dilutions  of  meth}'!- 
violet,  according  to  Linnemann^  the  following  amounts  expressed  in 
percentages  are  taken  up : 


units  takrn  up  in 
'3  +  34     hours    by 
gelatin. 

To  prove  his  view  to  l>e  correct,  Spiro  reasons  thus :  If  the  above 
law  holJs  good  then  it  ought  to  be  possible  to  reverse  the  effect,  and 
to  remove  the  dye  by  washing.  So  he  left  gelatin  in  running 
water  for  some  weeks  and  succeeded,  provided  the  gelatin  plates  did 
not  lic^uefy. 

That  dyes  get  into  tissues  in  proportions  different  to  those  they 
are  in  in  the  solutions :  that  different  tissues  will  take  up  different 
amounts  of  the  same  dye ;  that  the  same  gelatin  plate  will  absorb 
different  dyes  in  diffei-ent  nniountSj — all  these  facts  are  ex]>lainable 
according  to  the  laws  governing  the  coefficient  of  distribution,  but 
this  does  not  exclude  the  possibility  of  chemical  union  tiiking  place 
simultaneously. 

If  Spiro  succeeds  in  removing  the  dye  only  after  washing  for 
several  weeks,  till  in  some  ciises  the  gelatin  actually  turns  liqmM, 
then  I  hold  that  chemical  union  did  t;jke  place ;  and  that  the  acids 
and  salts  in  the  wai^hing  water,  as  well  as  bacterial  agencies,  were  at 
work  in  breaking  up  the  gelatin  +  dye  compound. 

A.  Fischer  *  among  histologists  has  made  the  greatest  effort  to 
ext'hido  all  chemical  explanations  of  staining,  and  in  doing  so  has, 
to  my  mind,  established  some  very  important  tacts  supporting  the 
cheraico-|diysical  view. 

Fischer  explains  all  staining  by  adsorption  (p.  331).  The  purely 
physical  results  of  his  work  have  been  given  in  full  when  discusa- 


*  I  was  anable  to  procure  theso  papers  as  well  nn  Onohm's  and  Roetheli's  nri- 
ginal  paper,  and  hiivo,  thori.>fnrc.  relied  on  tbo  abstract  in  the  JotimaJ  of  the  Soc. 
Gum.  Industry,  17, 660  and  756  (1698).  Tbo  original  papers  of  Qnehn)  and  Roetheli 
are  in  Zcitsch.f.  aru/ew.  Chetnie  (1898),  pp.  48a  and  501. 

'  Spiro  :  tfher physikalischa  u,.  physiologiache  Selection,  IlabilitAtionsschrift,  Siri 
burf;,  1897. 

'  Hofmeister :  AnK.f.  exptrim,  Pathol,  u.  Pharmak.  28,  aio  (1891). 

*  Fischer :  Fixirung,  F&rbuttg  und  Bau  dea  ProiepUismas,  1899. 
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iug  physical  stainiug  on  pp.  198-21 1,  and  ho%v  I  ahall  recoi-d  his  view 

tm  to  the  chemical  siile  of  the  question. 

Fischer  believes  n  ehemical  explnnation  of  fiUiining  to  be  quite  super- 
fluous (!•  c.,  p.  140),  ami  in  support  of  this  view  reasons  as  follows: 
Although,  as  shown  by  previous  obseneia ',  nuclein  compounds  have 
an  affinity  for  Ijasic  dyes — are  basophil  -whilo  alliuiniu  compounds 
stain  more  readily  with  acid  dyes — being  acidophil^  these  results 
cannot  be  regarded  as  chemical  phenomena,  because  all  basic  dyes 
(o-i  per  cent,  fuchsin,  safranin,  methyl-green,  and  gentian-violet) 
precipitate  not  only  nucleic  acid,  but  also  the  basic  albumin  and 
casein,  while  acid  dyes  do  not  precipitate  albumin.  Fischer  did 
not  tako  into  account  the  amido-nature  of  albumin  (p.  282),  nor  the 
fact  that  normal  egg-white  is  basic  in  reaction  towards  litmus. 
Mathew'a  esplanntion  given  below  (p.  348)  is  the  correct  one.  It  is 
further  not  at  all  nece-ssary  that  two  substances  which  interact  must 
form  a  precipitate  ;  thus,  after  a  preliminary  coagulation,  egg-white 
forms  with  acetic  or  pyro-  or  ortho-phosphoric  acids  perfectly  clear, 
soluble  compounds  {see  also  the  addendum,  pp.  452-459). 

Fischer  further  holds  that  hiatologists  are  only  dealing  with 
proteids  in  a  state  of  such  absoluto  insolubility  as  to  exclude  all 
chemical  interaction  (1.  c,  p.  79K  Such  a  view  is,  however,  quite 
untenable,  for  not  only  is  a  cunvei-nion  of  pseudo-compounds  into 
true  acids  and  biises  possible  after  alcohol  lixution  (p.  349),  not  only 
may  cell-secretions  such  as  ©leidin  granules  and  granules  of  mast- 
cells  disappear  on  being  brought  into  contact  with  pure  water 
(p.  142),  but  albuminates  of  raercur\'  are  exceedingly  susceptible  to 
the  presence  of  salts  (p.  109),  and  are  also  readily  broken  down  by 
iodine  trpatmenl,  iScc. 

While  determining  the  primary  and  secondary  chromatophily  of 
granules  and  tissues  (p.  261),  Fischer  noticed  that  nucleic  acid  was,  as 
he  terms  it,  acidophohe,  which  is  not  unnatural,  because  two  strong 
acids  do  not  unite  to  form  salts.  Yet  he  speaks  (1.  c,  p.  102)  of 
nuL'leic  acid  as  possessing  'a  curious  as  yet  unexplainable  nature,' 
and  then  goes  on  to  show  that  in  reality  nucleic  .icid  stains  readily 
with  acid  dyes,  and  that  it  does  not  l>^have  as  an  acid. 

To  bring  about  this  result  he  impregnates  (l-  c,,  p.  168)  chloro- 
platinous-nudeic  acid  granules  (p.  201J  with  i  to  5  percent,  albumose, 
allowing  the  latter  to  diftus©  inwards  either  for  twenty  hours  at  the 
room-temix-rature,  or  for  a  -J  to  ^  hour  by  using  hot  solutions. 
Having  impregnated  nucleic  acid  with  albumose,  the  granules  stain 
equally  well  in  acid  and  in  basic  dyes.  That  the  nucleic  acid  radical 
of  the  granule  stains  with  basic  dyes,  while  the  albumose  unites 
with  acid  dyes,  I  do  not  consider  'curious/  as  does  the  author. 

In  addition  to  impregnation  exi>eriments  Fischer  got  thymus- 
nucleic  acid  to  stain  readily  by  adding  I  cc.  of  strong  sulphuric 
acid  to  8  cc.  of  I  per  cent,  acid  fncbsin  solution  (L  c,  pp.  104-106), 
Similarly  yeast-nucleic  acid  stained  i-eadily  on  adding  twelve  drops 
of  5  per  cent,  sulphuric  acid  during  the  coui'so  of  ten  minutes  to 
9  cc.  of  I  per  cent,  acid  fuchsin.  This  addition  of  acids  and  sodium 
*  See  later,  pp.  343-345- 
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sulphate  (see  p.  363)  to  the  dy^e-baths  is  a  common  practice  in  the 
dyeing  of  textile  goods. 

Fistfher  believes,  as  no  staining  is  produced  by  treating  the  granules^ 
fii-at  for  ten  minutes  with  i  :  10  sulphuric  acid,  and  subsequently 
with  a  neutral  bath  of  acid  fuchsin,  that  all  chemical  action  of  the 
sulphuric  acid  on  the  granulea  is  excluded.  I  am  not  sure  of  this, 
for  if  both  tlie  sulphuric  acid  and  the  dye  act  simultaneously  it  is 
well  conceivable  that  the  sulphuric  acid,  acting  under  a  certain 
tension,  may  loosen  the  affinity  between  the  chloro-platinous  radical 
and  the  nucleic  acid  radical,  and  thus  call  forth  in  the  nucleic  acid  its 
tendency  to  form  alloxuric  bases  (p.  283).  I  have  precipitated  nucleic 
acid  with  i  :  10  sulphuric  acid  and  centrifugalLsed  the  precipitate 
ten  tinit'S  xvith  distilled  water  to  remove  the  sulphuric  acid,  and 
then  found  it  quite  easy  to  stain  the  sulphuric  acid  precipitate  with 
I  :  1,000  of  acid  dyes;  but  we  have  no  right  to  call  the  precipitate 
'nucleic  acid.'  We  further  have  to  keep  in  mind  that  acid  fuchsiu 
may  act  as  a  basic  dye  (see  p.  365). 

On  adding  i  cc.  of  i  per  cent,  alum  to  i  per  cent,  of  eosin, 
a  thick  orange-coloured  precipitate  ia  formed  which,  according  to 
Fischer,  is  eosin.  He  supposes  the  eosin  to  separate  out  owing 
to  its  becoming  sujwrsaturated  by  the  addition  of  alum.  I  have 
pointed  out  on  p.  202  that  this  view  ia  erroneous.  The  precipitate 
consists  essentially  of  the  free  colour  acid  tetrabrom-fiuorescein. 

In  this  eosin-alum  solution,  chloro-platinous-nucleic  acid  granules 
stain  readily,  not  because,  as  Fischer  assumes,  the  nucleic  acid  has  an 
affinity  for  the  acid  eosin,  but  because  the  nucleic  acid  unites  with 
the  basic  alum,  which  in  its  turn  links  on  to  the  acid  dye  radical. 
Using  eosin-alum  thus  amounts  to  employing  a. mordant,  and  using 
virtually  a  basic  dye. 

Yet  another  very  important  point  Fischer  believes  that  he  has  esta- 
blished against  the  chemical  theory,  namely,  that  mercuric  chloride 
granules  do  not  react  towards  staining  reagents  (see  above,  p.  256) 
like  those  of  platinum  chloride,  'although  it  is  beyond  doubt  that 
corrosive  sublimate  at  the  time  of  coagulation  unites  with  albumin 
in  exactly  the  same  manner  as  does  the  platinum  salt '  (1-  c.,  p.  1031. 

Fischer  is  under  the  eiToneoua  impression,  as  are  most  histologists, 
that  'platinum  chloride'  of  commerce  is  PtCl^,  while  as  a  matter  of 
fact  it  is  chloro-platinous  acid  H.^PtClg.  Sublimate  on  ilissociating  eleo* 
trolytically  forms  Hg0-I-2HC1,  while  the  hydrogen  salt  uf  platinum 
gives  rise  to  H., -I-  PtClg.  In  the  one  case  we  have  IIgl>,  in  the  other 
case  PtClfl  joining  the  albumin.  In  the  latter  convi^HJund  the  affinities 
of  the  platinum  for  acids  are  satisfied  partly  by  the  six  chlorine 
atoms,  and  partly  by  kat-ion  groups  of  the  albumin  to  which  it 
joined,  while  in  tlie  sublimate  compound  the  kat-ion  HgO  is  joined 
on  to  an-ion  radicids  of  the  albumin.  That  the  chlorine  radical  of  sub- 
limate does  not  enter  the  proteid  coagulum  or  precipitate  is  a  fact 
which  was  established  by  Rose  long  ago  (p.  58). 

Fischer,  however,  may  really  have  used  platinum  tetrachloride. 

PtCl^,  in  which  case  all  I  said  for  the  compound  HjI'tCl,  will  also 

ihold  good  for  this  salt,  as  in  a  watery  solution  it  decomposes  into 
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H/ +  PtCljO''  analogous  to  gold  chloride  (p.  79),  and  the  an-Ion 
PtCl^O  containing  the  acid  oxygen  radical,  by  satisfying  the  basio 
demands  of  the  tissue,  makes  a  union  with  colour  acida  impossible. 

The  reiison  why  tissuos  fixed  in  osmium  tetroxide  do  not  stain 
in  acid  dyes  is  that  OaO„  although  it  does  not  dissociate  electro- 
lytically,  yet  joins  the  amido  an-ion  of  the  albumin,  thus  forming 
an  additive  compound.  All  oxy-compounds  having  a  strongly  acid 
tendency,  osimum-material  does  not  stain,  because  the  osmium 
tetroxide  has  already  satisfied  the  acid  demands  of  the  proteids. 

But  there  is  yet  another  explanation  possible.  As  Lilienfeld 
(p.  345)  and  Mathews  (p.  349)  have  shown,  egg-white  fixed  in  alcohol 
has  no  affinity  fur  either  acid  or  basic  dyes,  white  the  use  of  alcohol 
at  once  establishes  an  uitinity  for  acid  dyes.  In  the  chapter  on 
peeudo-acida  and  pseudo-bases  (p.  26),  it  was  pointed  out  that  these 
compounds,  by  the  addition  of  bases  or  acids,  become  real  acidfe  or  leases. 

When  acetic  acid,  CH,  •  COOH,  is  added  to  watery  alcohol,  it  breaks 
up  oleetrolytically  into  the  positive  kat-ion  H'  and  the  negative 
an-ion  CH,  •  COO'.  These  ions  acting  on  the  colloidal,  chemically 
inactive,  jvseudo-acid  pseudo- basic  proteid  convert  it  into  an  electro- 
lyte (pp.  25,  47).  Proteid,  changed  in  thiw  manner,  can  readily  inter- 
act with  the  ions  derived  from  the  salt  which  we  employ  as  a  dye, 
and  in  consequence  chemical  union  between  the  kat-iuns  of  the  tissue 
and  the  an-ions  of  the  dye  (or  the  an-ions  of  the  tissue  with  the 
kat-ions  of  the  dye)  can  readily  take  place,  provided  the  tissue  and 
the  dye  are  brought  into  contact  with  one  another  in  a  common 
solvent,  L  e.  in  a  tluid  which  allows  of  electrical  dissooiatioD  of  both 
the  proteid  and  the  dye. 

The  same  reasoning  was  applied  when  discussing  the  effect  of 
accentuators  |p.  212). 

In  further  support  of  his  physical  view  of  staining,  Fischer  adduces 
the  inability  of  tissues  to  stain  if  the  fixatives  of  classes  a  and  3 
(p.  257 1  \m  not  removed  by  careful  washing.  But  to  me  it  appears 
improhnhlo  that  'platinum  chloride.'  chromic  acid,  Ac,  prevent 
staining  of  the  tissues  by  a  physical  blocking  of  the  intermolecular 
channels. 

With  the  exception  of  osmium  tetroxide,  fixatives  which  do  prevent 
st-aining  arc  electrolytes,  and  their  ions  being  stronger  radicals 
than  those  resulting  from  the  dissociation  of  dye  molecules,  it  is  only 
natural  that  the  stronger  groups  should  satisfy  any  tendency  the 
tissue  may  have  for  kat-ions  or  an-ions.  It  must  also  be  borne  in 
mind  that  many  coagula  produced  by  electrolytes  in  the  presence 
of  the  latter  will  tend  to  dissociate  only  in  infinitesimal  quantities, 
and  that  a  coagulum  without  a  tendency  to  ion-formtttion,  be  it 
salt  formation,  oxidation,  or  reduction,  cannot  act  chemically. 

That  prolonged  fixation,  in  many  instances,  diminishes  the  stain- 
ing cjipacity  of  a  tissue  is  a  further  proof  that  tissues  once  fixed,  are 
not  unalterable.  Thus  egg-white  precipitated  by  10  per  cent,  chromic 
acid  forms  at  first  a  dense  coaguhim,  but  the  latter  dissolves  in 
twenty-four  hours  almoet  completely  if  left  in  the  chromic  acid 
solution. 
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AtfltaM  ihrtwtftM  GrO^HgCV  H^PlClp 

tf  flij  <wtofntion  Iw  eocBMi»  that 
■ilii$  M  tfleetroiyftM  after  the  renoral  of  Oe 
HlMy  will  be  latfcwed  to  do  m»  orat  mon  nailily 
lat«  eootoa  with  ■krao^clMtnljtMr  ptorided 
Umbi  IImoo  wUeh  w«co  and  to  ooogoktte  the 

Wby  Ruefatrr,  in  trjing  to  aohre  the 
finraicel  or  chemical,  mode  effocts  to  brio^  the  otMning 
MM  djpei  ap  to  that  of  bMie  ooee,  I  £ail  to  aeeu     Aban 
wosU  baTO  been  to  take  the  dyes  w  thej  are.  and  not  to  hanre 
daaed  new  faetora,  in  the  belief  that  they  oolj  act  hgr  f 
■dBiatioo  iA  &jm.    Thtts  addition  of  salphnrie  aoid  to 
•lam  to  eoai o  hatha,  aeoording  to  y.  Geor^eries^  baa  otiy  tho 
r«md/;rin^  the  dye*  suporsahiraiod,  and  Fischer  aeeeptmg  this  as 
a  fftct  fell  into  error,  aa  pointed  out  abore  (pp.  aost,  365). 

It  ia  gcrn^Tally  believed  by  those  who  use  stains  that  a  dye  cannot 
diaaoeiate  till  it  is  broken  up  hy  some  strong  chemical  ageney,  a  viaw 
whieh  beeomea  nnneoessary  if  we  adopt  the  Arrh^uus  explanatkm  of 
alaetriral  duMociation  (chap.  ii). 

Of  the  exi^nce  of  peeudo-componnds  we  were  made  aware  by 
Hantaiaffh  and  his  pupils  who  studied  anilin  dyes\  and  we  ought 
to  keep  itx  mind  that  a  conversion  of  these  peeudo-compounda  into 
reel  onee  can  be  brought  about  by  adding  acids  or  alkalies  to  our 
italniog  reagenta  (pp.  212,  213). 

Where  factors  are  so  exceedingly  complicated,  it  is  rashnees  to 
|rfn  one'e  faith  to  one  preconceived  notion,  and  to  explain  all  ob6e^ 
vationA  in  the  light  of  one  theory. 

Yet  in  doing  so  we  may  help  those  who  do  not  share  our  views, 
and  thus  indirectly  bring  knowledge  a  step  nearer  truth. 

Bearing  in  mind  the  umido-acid  nature  of  proteids,  it  cannot  be 
taken  a*)  evidence  against  the  upholders  of  the  chemical  theory  of 
ataining,  that  tissues  will  unite  with  both  acid  and  basic  dyea»  and 
yet  thin  has  continually  been  done  by  Fischer.  The  most  important 
obaervations  in  his  whole  book  I  believe  to  be  the  following : 

By  nucleins,  '  the  basic  dyes  are  absorbed  at  once,  while  with  the 

'  In  addition  to  the  Tiews  stated  on  p.  :i6,  furtlier  quite  recent  papers  dealing 
with  paoado-aeida  and  pseudo-bases  will  be  found  in  the  Berickit  d.  deuttek,  ehtm, 
Om.  (191M).     Space  preTents  a  discussion  of  these  papers  at  present. 
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Acid  stitins  there  is  a  delay,  in  about  the  proportions  that  methyl* 
green  will  liave  stained  already  intensely,  when  acid  fuchsin  only 
Just  shows  the  faintest  indicntiou  of  staining.  In  the  course  of 
lo  minutes,  however,  this  diffeivuco  disap|ieara  in  material  which 
was  fixetl  in  indilFfln^nt  reagents'  (1.  c,  p.  94).  Again  (on  p.  gfl,  1.  c.f, 
when  staining  sections  of  the  kidney  of  a  mouse  dead  from  anthrax 
and  fixed  in  sublimate,  he  states :  '  The  acid  dyes  diffusinp;  through 
the  sections  stain  at  first  only  the  cytoplasm,  and  several  seconds 
later  the  nuclei,  which  ultimately  ure  also  stained  as  intenstdy  as  the 
cytoplasm.'  On  p.  loi,  I.  c.  it  is  stated  that  thymus-nucleic  acid 
precijiitated  with  chluro-plntinous  acid  does  not  stain  in  2  per  cent, 
solution  of  acid  dyes,  even  after  bailing  for  one  hour  in  the  dj'e. 

These  observations  Fischer  has  not  connected  together.  The  two 
first  statenients  he  uses  to  prove  the  absence  of  any  real  difTerence 
in  the  absorptive  power  of  nucleins  with  regard  to  acid  and  Imsic 
dyes. 

Fischer  believes  the  temporary  aversion  for  acid  dyes  shown  by 
nucloins,  and  for  basic  dyas  shown  by  albumins,  to  account  for 
sections  staining  diff'ereniially  in  a  mixture  of  an  acid  and  a  basic 
dye.  The  basic  dye  unites  with  the  niicloi  because  of  their  temporary 
aversion  for  the  acid  dye,  and  the  latter  unites  w^ith  the  albumin 
because  of  the  temporary  aversion  of  albumin  for  basic  dyes. 

To  me.  Fischer's  observations  have  tbissignificaiiw.  Each  particle, 
either  kat-ion  or  an-ion,  has  an  aversion  for  ions  of  its  own  kind  or 
those  of  the  same  sign  ;  thus  the  kat-ion  11'  will  not  only  repel 
other  H*  ions,  but  also,  for  example,  those  of  potassium,  K'.  On  the 
other  hand,  kat-iona  will  readily  unite  with  anions. 

The  nmtuid  aversion  of  ions  of  the  same  sign  makes  them  separate 
from  one  another,  causes  them  to  diffuse,  while  ions  with  opposite 
electrical  charges  are  drawn  towards  one  another  even  if  they  do  not 
unite. 

Having  converted  pseudo-basic  albumins  by  the  addition  of  an  acid 
into  real  bases,  these  will  show  an  nfUnity  for  acid  dyes,  hence  the 
staining  of  material  fixed  in  acid  alcohol  (p.  349). 

Combining  nucleic  acid  with  the  basic  albumin  or  forming  nucleins, 
means  dealing  with  a  potential  acid  or  basic  compound,  in  fact  a  salt 
which,  however,  does  not  dissociate  completely  when  it  is  acted  upon 
by  either  acids  or  bases. 

Nucleins,  according  to  the  amount  of  either  tlie  acid  or  the  basic 
constituent,  stain  red  or  blue  (Malfatti,  p.  344).  When,  therefore, 
Fischer  observes  nucleins  to  stain  readily  with  basic  dyes,  and  only 
after  some  delay  with  acid  dyes,  it  means  that  the  basophil  an-ion 
nucleic  acid  has  its  basic  tendencies  incompletely  satisfied  by  the 
kat-ion  albumin  radical,  and  that  for  this  reason  it  readily  absorlia 
some  more  kat-ions,  namely  the  colour  base.  Conversely,  if  the 
nucleic  acid  is  not  sufficient  to  satisfy  the  demands  of  the  kat-ion 
albumin,  as  is  the  case  in  those  compounds  which  contain  only  a 
little  nucleic  acid,  then  some  more  an-ious  are  attracted,  namely 
the  colour  acid  an-ions. 

What  ia  so  remarkable  in   Fiaoher's  observation^  which  I  have 

sa 
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repeatedly  confirmed,  is  that  the  avereion  between  the  two  an-iona, 

namely  the  nucleic  acid  and  the  colour  acid,  should  be  so  groat  aa  to 
interfere  with  the  normal  rate  of  diflusion,  but  this  is  actually  th« 
case  in  nucleins  where  the  diffusion  is  temporarily,  and  in  nucleic 
acid  where  it  is  permanently,  interfered  with. 

Iiaurent '  was  the  first  to  realize  that  metliylene-blue  eoeinate^ 
when  boiled  (see  p.  442),  is  in  a  dissociated  condition ;  that  the 
tissue  does  not  require  to  break  up  this  compound,  and  that  therefore 
chemical  energy  is  not  needed. 

I  hold  that  all  dyes  split  up  electrolytically,  or  hydrolytically. 
according  to  the  doctrine  of  Arrhenius,  but  notwithstanding  thia,  it 
is  impossible  to  account  for  ttie  differences  in  staining  as  merely 
due  to  differences  in  the  rate  of  diiTiision,  because  the  time  factor 
conies  in,  as  has  been  shown  in  chap,  xvii  (p.  198). 

Laurent  niso  adduces,  as  a  further  proof  that  staining  is  not 
chemical,  the  fact  that  alcohol  acta  as  a  solvent  for  neutral,  ba&ic^ 
and  acid  combinationa,  and  that  it  is  able  to  extract  all  dyes  from 
sections.  He  must  however,  show  that  alcohol  does  not  act 
chemically,  that  it  does  not  interfere  with  the  electrical  dissociatiou 
of  the  tissue,  or  its  capacity  of  changing  from  the  pseudo-acid 
pseudo-basic  state  into  real  acids  and  bases.  In  the  light  of  the 
ordiuary  chemical  reactions  (p.  87),  and  also  by  studying  the  way  it 
behaves  towards  dyes  (see  Gillet,  p.  361),  it  is  impossible  to  regard 
alcohol  as  an  inert  substance  (see  also  Knocht,  pp.  451-2). 

Krafflt '  is  of  the  opinion  that  staining  in  tlie  majority  of  cases 
simply  means  a  separating  out  of  colloidal  adhesive  salts  on  or  in  the 
tissue,  and  that  these  colloids  adhere  to  the  tissue  because  of  their 
viscosity,  as  does,  for  example,  oil  colour  to  a  stick.  He  points  out 
that  for  mordanting  there  are  used  those  very  metallic  hydroxides^ 
which  by  themselves  form  colloidal  solutions  in  water,  as  do,  for 
example,  the  salts  and  hydrates  of  ferric  oxide,  of  alumina,  and  the 
oxides  of  chromium  and  tin  ;  substances  which  already  Gi-aham  ^  had 
found  combining  with  all  stains  to  form  lakes.  Tannin,  which  ia 
also  used  for  mordanting,  is  likewise  a  colloidal  substance. 

Amongst  dyes,  those  with  low  molecular  weights  are  either  not 
colloidal  ut  all,  or  only  to  a  small  extent.  Methylene-blue,  fuchsin^ 
and  methyl-violet  dissolved  in  absolute  alcohol  have  the  molecular 
weights  319-8,  337,  and  407-9,  while  water}'  solutions  show  a  much 
higher  molecular  weight,  indicating  a  decided  colloidal  tendency. 

It  is  necessary,  therefore,  either  to  use  strongly  colloidal  d3res 
which  will  adhere  by  themselves  (l>enzidene  dyes),  or  if  the  tissue  ia 
not  colloidal  itself,  or  if  it  cannot  call  forth  a  colloidal  precipitation 
of  the  dye,  then  to  impregnate  the  tissue  with  colloidal  substanoea 
such  as  tannin  or  metallic  oxides,  which  by  their  viscosity  will  make 
the  dyes  adhere. 

P.  D.  Zachariaa  (Athens)  *  has  adopted  the  Hofmeister-Oeorgievica 

^   Hans  Laurent :  Cmfralbi./.  {^Ig.  PatA.  u.  path.  Anat  0,  66-97, 
'  P.  Krafft :  '  tJbiT  eoUuidale  Salzo  ula  Menibrauliildnor  helm.  F&rbeproo«a%* 
Btr.  d.  ehem.  Oes.  82,  1608  1. 1899). 

'  Graham:  Ann.ii,Ch«m,u.Pkarm.l2\,4i.       *  ZaclinrUui :  F&rhcntihmff^  165 (1901). 
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•coefficient  of  distriliution'  view  to  account  for  the  passage  of  the  dye 
into  the  tiBstio,  and  Kmflt's  theory  of '  colloidal  staining,'  with  a  slight 
modification  to  explain  the  fact  of  dyes  remaining  in  the  tissues. 
This  author  ia  of  the  Baine  opinion  as  Kraft't,  tliat  free  colour  acids 
and  colour  bases  are  colloids  with  a  certain  varying  tendency  to 
bocome  insoluble  on  their  own  account,  but  while  Krafft  believes 
dyes,  if  colloidal,  to  adhere  meclianically  Ixwause  of  their  own  vis- 
ctjsity,  or  if  llipy  are  non-colloida!  or  crystallino,  because  of  the 
adhesiveness  of  the  mordant  in  the  tissuBv  Zacharias  l)elieves  that 
wool,  to  a  considerable  extent,  and  cotton,  to  a  much  less  extent,  pr»;>- 
duce  by  catalytic  action  a  colloidal  precipitation  of  the  dye  radiwd. 

'The  fixation  of  the  d ye-stu IT,  which  means  the  pret-ipitation  of  the 
dye>  is  a  purely  chemical  prfkcess,  and  the  absorption  must  also  be 
regarded  as  cheniical  as  all  otlier  physico-chemical  processes '  (1.  c, 
p.  165).  "On  the  very  next  pa^e  is  found  this  sentence:  'We  have 
already  seen  that  the  differences  in  the  dyeitig  of  word  or  cotton  do 
not  so  much  deftend  on  the  nature  of  the  Jibre  itself,  as  both  are 
chemically  indiffereut  substances,  but  on  the  nature  of  the  dyes 
which  are  u.sed,  and  indec*!.  there  are  many  colour  effects  which  are 
produced  on  wool  and  cotton  in  exactly  tbe  same  way.' 

This  last  statement  by  Zacharias,  in  wbich  he  is  alluding  to  dyes 
differing  in  their  colloidal  tendencies  (see  Krafft,  p.  340),  justities 
me  classing  him  amongst  the  upholders  of  the  physical  theory  of 
•tainingf  notwithstanding  the  fac-t  that  he  himself  calls  his  view  '  the 
new  chemical  theory.' 

Oriesbach  ',  in  1886,  ex|>erimenting  with  azo-blue,  found  that  a 
watery  solution  in  a  te.%t-tul>e  was  instantly  turned  red  by  ammonia, 
was  decolourized  hy  strong  nitric  acid,  ami  was  precipitated  by 
saturated  hydi-ochloric  acid  ;  while  sections  stained  with  aKo-blue 
became  colourless  in  both  nitric  acid  and  ammonia,  and  remained 
unchanged  in  hydrochloric  acid.  (See  criticism  at  end  of  Unna's 
^searches,  p.  342.) 

Unna',  in  1887,  endeavouretl  to  substantiate  Griesbach's  postulate, 
that  the  tissue  and  the  dye  should  possess  after  having  combined 
different  chemical  properties  from  those  characteristic  of  their  free 
state.  In  the  t«st-tube  metaphenylene-diamin  and  nitrous  acid  unite 
at  once  to  form  Bisraarck-brown  (p.  390),  but  when  brought  sepa- 
rately into  contact  witb  the  tissue  they  fail  to  do  so. 


McUtoluylcne-dininin    + 


C,II. 


NH, 


Di(ro«o-rlJm<  thyl-nnilin 
li>dr<Kchlorido  ** 

»-.".  |no-hci        ^ 


C  C.H.-NiCH,), 
/    NU— UCl 


4  water 


H«0 


When  sections  stained  blue  with  this  tohiylene-blue  are  treated 
with  acids,  certain  tissue  elements  will  turn  red  while  others  remain 
blue ;    sections  placed   in    i    per   cent,   nietatoluylene-dianiin   stain 

'  Oriesbatih  :  Ztilaeh./  vm.  MOir.  3  (1886V 

*  Unua  :  MonaUHt/it /,  f/raitL  Dtrm.  6a  (,1887). 

*  Unna:  Arthf.  mikr.  AnaL  SO,  39  1,1887). 
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greyiah-brown,  while  in  i  per  cent  nitroso-dimethyl-anilin  they  be- 
come greenish-yellow ;  and  sections  placed  successively  in  these 
two  dyes  never  produce  blue^  but  are  always  stained  of  the  colour  of 
the  second  bath ;  because  the  affinity  of  the  two  dye-constituenta  is 
greater  towards  one  another  than  towards  the  tissue.  Traces  of  blue 
dye  formed  temporarily  are  soon  extracted  by  mass-action  of  the 
other  radical  ludophenol-violet  converted  into  the  leuco-coni' 
pound '  stained  sections  a  greyish-blue  or  greyish-brown,  wliich 
was  not  converted  into  violet  by  treatment  with  such  oxidizing 
agents  as  peroxide  of  hydrogen  or  potassium  bichromate,  while  the 
free  leuco-indophenol-violet  in  a  test-tube  becomes  at  once  violet 
with  oxidizing  media,  Keversely,  staining  sections  of  the  skin  first 
with  indophenol-violet\  and  then  transferring  them  into  the  re- 
ducing mixture  of  zinc  and  hydrochloric  acid,  did  not  reduce  the 
colour.  Therefore,  mdophenol-violet  by  combining  with  the  tissue 
elements  has  lost  the  power  of  becoming  reduced,  just  as  its  leuco- 
compound  has  lost  the  power  of  being  oxidized. 

The  leu  co-compounds  of  a  number  of  dyes,  after  uniting  with 
the  tissue,  gave  rise  to  colours  differing  from  those  obtained  by 
the  use  of  their  oxidation  products,  and  sections  stained  in  these 
leuco-compounds,  on  being  treated  with  oxidizing  media,  either  re- 
tained the  colour  they  already  possessed  or  became  colourless. 
Methylene-blue  behaved  curiously  in  this  reajiect,  because  sections 
put  into  the  perfectly  colourless  acid  solution  of  leuco-methylene-blue 
showed  that  the  nuclei  became  itistautly  blue,  as  if  the  section  had 
been  placed  in  a  dilute  metliyleue-blue  solution,  the  leuco-methylene- 
blue  bath  remaining  colourless  all  the  time. 

Unna  offers  the  explanation  that  nuclei  act  as  alkalies,  because  it 
is  improbable  that  oxygen  can  be  given  off  by  the  nuclei. 

A.  Fischer'  criticizes  the  results  of  Griesbach  and  Unna,  without 
having,  it  is  true,  repeat-ed  their  experiments  a'S  far  as  the  tissues  or 
the  dyes  they  used  are  concerned,  but  having  made  an  extensive 
series  of  experiments,  he  shows  the  necessity  of  taking  the  greatest 
possible  precautions  when  investigating  the  question  whether  dyes 
are  or  are  not  in  chemical  combination  with  the  tissues. 

Experimenting  with  albumose  granules  (HgClj,  •PtCl^,*  K,Cr,0,t 
OCHJ;  with  serum-albumin  ;  with  casein  coagula  and  thymus-nucleic 
acid  ('PlCl/),  and  such  dyes  as  light-green,  acid  fuchsin,  indulin, 
picric  acid,  eoein,  safranin,  fuchsin,  methyl-green,  gentian-violet, 
metliylene-blue,  haemalum  {Mayer),  Fischer  obtained  results  in  eveiy 
respect  similar  to  those  obtainable  in  test-tubea,  by  taking  the  pre- 
caution not  to  bring  preparations  directly  in  contact  with  such 
acids  as  hydrochloric  and  nitric  acid  or  with  ammonia,  but  to  hold 
the  slid©  with  the  section  in  a  semi-dry  condition  over  the  mouths 
of  the  bottles  containing  the  reagents.     Personally,  I  have  no  prac- 


'  By  rctlutition  with  zinc  fitingH  and  hjtirochloritf  or  acetic  ncidand  boiiixig. 

*  This  (lyt*  8>taina  tlio  superficial  Ixiyerx  of  tlic  Btratum  corutium  blui&li  violel, 
the  middle  layers  blue,  and  thu  det'p  layers  colourless. 

*  Fiaoher  :  JYxi'nm^,  Fdrbungvnd  Baw  d.  Protoplattnas,  185  (1899). 


I 


yjEfVS  OF  EHRLICH,  KNECHT,  APPLEYARD      343 

tical  experience  as  yet  in  this  question,  but  deem  it  a  very  important 
on©.  That  colours  are  actually  changed  in  their  behaviour  ufler 
having  enter^  the  fibre  seems  to  be  shown  by  Weber's  results  (p.  345), 
and  the  precipitation  experiments  of  Martin  Heidenhain  (p.  452). 

The  chemical  aspect  of  ataining. 

The  first  step  towards  the  solution  of  the  probk-m  whether  staining 
is  a  chemical  processS,  was  taken  by  Miescher  in  1874  '.  HeisoIat(.'d 
nucleic  acid  from  the  nuclear  chromatin  segments,  and  found  that  it 
united  with  the  colour  base  methyl-green  to  form  green  insoluble 
salts.  But  he  says  :  '  In  looking  for  nuclein  in  tissues  we  shall  not 
be  able  to  appeal  in  the  last  instance  to  ordinary  histo-chemical 
methods,  to  the  behaviour  of  solvents  and  similar  reactions.  A  com- 
parison of  the  VL»ry  resisting  spermatozoa  of  the  ox  with  those  of  the 
carp,  which  swell  up  in  water,  shows  that  notwithstanding  a  very 
close  relationship  as  regards  chemical  structure  there  may  coexist  the 
greatest  differences  in  other  respects.  We  must  indeed,  wherever 
possible,  protect  our  backs,  by  dependuig  on  a  chemical  isolation  of 
the  substance  (Eleraentaranalyse).' 

P.  Ehrlich '  soon  afterwards  showed  that  it  was  possible  to  fix 
blood  hlms  by  purely  physicid  means,  namely  dry  heat,  thereby 
excluding  coagulation  and  chemical  changes,  and  in  such  blood  films 
to  obtain  specific  colour  effects  with  certain  dyes.  Having  divided 
stains  into  acid,  basic,  and  neutral  groups,  he  found,  for  example, 
that  only  acid  stains  will  colour  the  a-granules  of  certain  leucocytes, 
whicli  for  this  rciison  ho  termed  eosiuophiious,  that  only  Imsic  dye« 
stain  the  mast-cells  containing  the  y-gnmules,  and  that  only  neutral 
dyes  or  salt  colours  are  taken  up  by  the  neutro[)hil  or  c-granules  of 
the  human  blood. 

Kaecht ',  in  1888,  believed  in  the  chemical  nature  of  staining,  l»e- 
cause  he  found  when  dyeing  wool  and  silk  with  the  chlorides  of  the 
colour  bases  fuchsin,  chrysoidin,  and  crystal  violet,  that  only  the 
colour  bases  were  taken  up  by  the  tibres,  wiiile  the  hydrtn-hloric  acid 
remaincil  in  the  bath,  if  the  silk  and  wool  were  boiled  in  the  dye-bath 
till  the  whole  of  the  colour  was  taken  up*.  As  the  free  colour  base 
is  colourless,  and  only  becomes  coloured  when  in  the  form  of  its  salta, 
it  follows  that  Ijetween  the  colour  base  and  the  wool  a  chemical  union 
of  the  nature  of  salt  formation  must  have  taken  place  (see  also  Knecht 
on  p.  451). 

Knecht  and  Appleyard^,  in   1889,  isolated  lanuginic  acid  from 

'  If  ieiH-hor :  '  Dio  Spi-riiiKtozoon  oiniger  Wirbeltbicre,'  Vtrh.  d.  naturf.  G«adbA, 
in  Ba$tl,  6,  138  aoS  (,1874). 

*  Ehrlicb  :  Furbcnanalydseht  UnlerftuJutUffm*  x.  Hiat.  h.  Klinik  d.  BlvUu.  GmaiII* 
zn«lt4>  Mttthtil.     B«  rlin.  1891,  Hincbwald. 

*  Knecht:  bar.  d.  dtutaek  chem.  Gen.  21,  1556  1 1888). 

*  Thui  •  tolutioji  of  0-9  grm.  of  fuchsin  contnined  originally  o-oi^o  Rrm.  of 
HCl,  and  after  the  wool  had  Utkoii  np  the  colour  base,  ther«  was  found  in  the 
bath  o.oi6aa  grm.  of  HCL 

*  Knecht  and  Appleyard  :  B*r.  d. drutKh.  thtm.  OetrOtdl.  22,  itao  (i889>.  See  also 
Knecht,  Bawson  and  Loeweothal :  SmnMitA  d.  FitUrH  dm-  ^unfaum,  B«rlJJii, 
1895. 


344 


THE  THEORY  OF  STAINING 


wool,  and  found  that  thia  acid  form&d  intensely  coloured  lakes  with 
all  directly  staining  colour  bases.  They  nlso  established  the  fact 
that  wool  absorbs  substantive  dyea,  if  they  be  offered  in  great  excess, 
always  proportionately  to  their  molecular  weight  or  multiples  of  the 
same. 

A.  Fischer,  in  criticizing  the  chemical  aspects  of  staining,  admits 
the  correctness  of  Kneeht's  contention  as  regards  wool  which  is 
boiled,  as  hereby  it  is  decomposed  and  thus  can  liberate  the  lanuginic 
acid.  He  says,  however,  that  in  histological  work  we  do  not  boil 
our  sections,  and  that  therefore  we  have  no  riglit  to  compare  our 
results  with  those  obtained  by  dyes.  To  a  certain  extent  I  agree 
with  Fisclier,  but  we  must  remember  that  even  at  ordinary  tempera- 
tures the  tendency  towards  the  formation  of  lanuginic  will  be  deve- 
loped in  the  presence  of  electrolytes,  and  that  as  the  result  of  partial 
dissociation  of  the  tissue  in  the  presence  of  a  compound  already  disso- 
ciated (namely  the  dye)  a  chemical  union  can  be  established.  I  admit 
that  such  a  union  may  be  less  stable  than  that  formed  at  higher  tem- 
peratures, but  then  we  are  only  dealing  with  the  well-known  chemical 
phenomenon  that  unstable  cliemical  compounds  are  formed  before 
stable  ones,  e.g.  raetjiphosphoric  acid  before  the  ortho-compound, 
yellow  oxide  of  mercury  before  the  red,  and  so  on. 

Malfatti,  in  1891 ',  next  showed  that  nuelfic  acid  prep:u"ed  from 
yeast,  when  placed  in  a  mixture  of  methyl-green  and  acid  fuchsin, 
combines  with  the  methyl-green  and  not  with  the  colour  acid  ;  that 
albumin  on  the  other  hand  unites  with  the  acid  fuchsin  and  not  with 
the  colour  base.  By  bringing  nietaphosphoric  acid  and  albumin  to- 
gether in  different  proportions  he  manufactured  nucleins,  which, 
according  to  the  amount  of  phosphorus  they  contained,  stained  bluish- 
red  or  a  neutral  colour,  or  red  if  only  a  little  phosphorus  was  present. 
Aa  nucleic  acid  is  a  phosphoric  acid  compound  (p.  283),  the  affinity 
for  the  colour  base  was  taken  by  Malfatti  to  be  the  direct  expression 
of  a  chemical  demand  made  by  the  phosphorus  for  the  methyl-green. 
Test-tube  experiments  led  to  the  result  that  yeast-nucleic  acid  fixed 
with  'platinum  chloride,*  and  stained  in  Loewit's  safranin-itidine- 
picric  acid,  were  red  like  chromatin,  while  nucleins  containing  only 
little  nucleic  acid  became  yellow  like  nucleoli. 

B.  Ziicharias',  in  1893,  dis-solved  yeast-nucleic  acid  in  dilute 
ammonia,  rendered  this  solution  slightly  acid  with  acetic  acid,  and 
filtered  it.  He  next  covered  a  slide  with  a  thin  layer  of  egg-white,  and 
placed  a  drop  of  nucleic  acid  solution  on  the  egg-white,  when  there  was 
formed  an  insoluble  coaguluni  owing  to  the  nucleic  acid  precipitating 
the  albumin.  The  slide  was  now  placed  Ln  absolute  alcohol  to  co- 
agulate the  albumin  which  had  not  come  in  contact  with  the  nucleic 
acid-  On  staining  such  slides  in  a  mixture  of  \  gram  of  methylene- 
bhie  and  J  gram  of  acid  fuchsin  in  100  cc.  of  water*,  the  alcohol 
coagulated  albumin  stained  red  while  the  nucleic  acid-coagulated  por- 


'  Malfatti:  Berichte  d.  nafunc.  med,  Vereins  in  Innsifuck  {iBgi  -a). 
'  ZachariAs:  *  Cliromatopbilie/  Btr.  d.  deutsch,  boL  Get.  11  (189^. 
'  The  methylene-blue  does  not  diasolre  completdy. 
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tion  stained  blue.  Treating^  material,  for  example  Galanthus  and 
tlie  roots  of  Phnjiis  after  fixation  in  alcohol,  with  the  aame  stain,  the 
nuclei  stained  blue  and  the  cytoplasm  red,  Zacharias  wanted  to 
determine  by  theso  exi>erinients  whether  a  definite  mixture  of  dy«a 
usetl  in  a  definite  manner  can  be  usod  fur  detf  rmining  tbf>  distribu- 
tion in  the  cell  of  niioleins,  wiiich  are  compounds  formed  by  the  union 
of  nucleic  acid  and  albumins. 

Zachariaa  \  in  1893,  further  showed  that  a  considerable  part  of  the 
cell-pla«im  is  not  digested  by  pepsin-h_vdi«x*hloric  acid,  and  thus  con- 
firmed Halliburton's  statement '  about  the  prfsence  of  nucleins  in  the 
cell-plasm.  To  this  nun-digestible,  nuelein-containing  constitufent  of 
the  cell-plasm,  having  an  affinity  for  bnsic  dyes  as  have  nnclein  com- 
pounds, Zachariaa  has  given  the  name  of  plastin. 

Lilienfeld  ',  in  1893-4,  made  several  contributions  to  (ho  quostion 
of  micro-chemicfil  stjiining,  and  stated  that  with  a  mixturo  of  ntethyl 
^een  and  acid  fiich.sin.  free  nucleic  acid  stains  green,  silbumin  ivd, 
while  nucleic  acid  and  nucleo  proteids  become  blue.  As,  further, 
resting  nuclei  stained  bluish-green,  while  dividing  ones  appeared 
green,  he  arrived  at  the  conclusion  that  free  nucleic  acid  was  pn  sent 
io  dividing  nuclei  (see  Heine,  p.  347(.  His  best  obser\'ation  however, 
which  at  that  time  was  unexplainable,  is  that  albumin  fixed  in  abso> 
lute  alcohol  biis  no  afiinity  for  either  acid  or  basic  dyes  (see  later^ 
Mathews  and  myself  I. 

Weber*,  in  8uj>port  of  the  chemical  view  of  dyeing,  stained  wool, 
which  contains  an  anaido  group.  Nil.,  and  a  cnrboxyl  group,  COOH, 

'nh 

graphically  represented  thus,  ^^ool/,,.^,!,,   with  naphthol  orange, 
which  being  an  acid  dye  fixes  on  to  the  NIL  group  thus: 
^y    ,/NH,.OSO,.C.H,N=N.C..N.On 

which  means  that  '  the  amido  group  of  the  wool  combines  with  the 
aulplionic  group  of  the  dye,  while  the  carhoxyl  group  of  the  wool 
remains  unaffected, *     Dyeing  wool  with  a  basic  dye  such  as  magenta 

w  ^<>^\QQ.Q_ii^^ C\C,H,NH, 

XWUlta  in  the  union  of  the  acid  carboxylic  group  of  the  wool  with  the 
bflflie  Nil,  group  of  the  dye  (see,  however,  also  pp.  357-8). 

Seeing  that  in  the  above  formulae  in  one  case  the  COOH,  and  in  the 
other  case  the  NH.,  remain  unsatisfied,  Weber  succeeded  by  staining 
wool  first  in  the  acid  scarlet  H  and  subsequently  in  the  basic  magenta 
in  satisfying  both  chemical  affinities  of  the  wool  : 


'  ZneluriAS  :  'Ul>er  chemiaclie  Beitchaffpniieit  v.  Cytoptunia  u.  Zollkorn,' 
Ber.  d.  dmttch.  bat,  0t9.  n  ^1893). 

*  Halliburton  :  .  Ttitbook  c/Ctumical  rhyaiol.  and  PaUiologf,  193  (1B9O. 

*  Lilienfeld:  'Ober  d.  WnbUerwaDdtochttft  d.  Zellelemonte  1.  g«wiM.  Farb- 
Btoifen,'  Arch.  /.  Anat.  u.  Phyiiot.  (1893);  'Obur  d.  FarbenrMCtioB  d.  Mucina/ 
ibid.;  'Zur  Chemie  d.  Leucoeyten,'  Ztivtch. /. phytiol.  Chemie,  iB  (1694). 

*  Weber  :  Joitrn.  qf  S<k.  o/ChmictU  tnduatr.  18,  lao  (.>89i). 
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iH,OSO,C,H,.K=N.C,^,.OH 


N:oo.H,N<- >c<( 


'Hiat  the  acid  dye  had  not  simply  pi'ecipitated  the  basic  oue  was 
prov<?d  )>y  alcohol  extracting  only  traces  of  the  magenta  from  the 
wool,  whilo  the  scarlet  R  + magenta  lake  is  readily  soluble  in  alcohol. 

Even  ft  dual  lake -forming  function  between  wool  and  a  dye  may 
take  place  if  the  lattev  ix>5sess  an  acid  (sulphonic)  and  a  basic 
(amidogen)  radical,  as  in  the  case  of  acid  violet : 

^    lxNH,.O.SO..C,H,CH,^    ' 
^*»<**\COO(CHJ,NC.H,.  C— C,H,.N(CH,), 

Water-blue  or  methyl-blue,  sulphonated  methylen<?-blue  (Cassella*9 
thiorarmin),  acid  violet  and  acid  green,  although  acid  dyes,  stain 
cotton  mordanted  with  tannin  in  direct  proportion  to  the  strength 
of  the  unsulphonated  colour  base,  and  in  invei"S6  proportion  to  the 
•trength  of  the  sutphonic  acid. 

Cotton  differs  from  wool  in  possessing  neither  amido  nor  carboxyl 
groups,  but  it  has  a  definite  although  slight  acid  character  (Crosa, 
13ovan  and  Beadle),  formings  with  alkalies  and  several  mineral 
oxideH,  fcu'  example  plumbic  oxide,  aalt-like  compounds,  Weber 
holdn  Iherofore  that  the  acid  chamctcr  of  cotton  is  not  sufficiently 
Htron^  to  abstriict  the  colour  base  from  its  salt,  liberating  the  acid 
radical  at  tlio  same  time  as  does  wool,  —  but  that  it  is  strong  enough 
to  combine  with  the  undissociated  basic  colour  salt,  analogous  to 
tjoruial  tatiuin  lakes,  which  are  diacid  salts  of  the  colour  bases. 
Cotton,  according  to  this  view,  unites  with  one  of  the  free  amido 
groups  of  the  undissociated  basic  colour  salt '. 

Weher  also  points  out  that  the  sulphonic  acids  of  strong  colour 
baHOH  are  capable  of  forming  lakes  in  the  amido  group  as  well  as  in 
the  sulphonic  group.  Thus,  the  sulphonic  acid  dye,  acid  green,  can 
unitM  through  its  sulphonic  group  with  barium  chloride,  and  through 
its  amidogen  group  with  tannin.  The  acid  green-barium  lake  formed 
in  this  luannor  is  deficient  in  brightness,  depth  of  shaile,  and  fast- 
ness to  lif^ht,  but  by  treatment  with  tannin  the  colour  is  brightened 
and  intensilted,  and  the  fastness  to  light  is  increased  at  least  three> 
fold. 

What  holds  good  for  acid  green,  holds  also  good  for  every  amido- 
sulphonic  dye  in  which  the  amido  group  of  the  unsulphonated  dye 
is  capable  of  lake  formation,  and  wool  dyed  in  any  of  these  amido- 
sulphonic  dyes  Ijehaves  neither  towards  barium  chloride  nor  towards 
tannin  as  if  the  dyes  were  simply  absorbed.  Therefore  it  follows 
that  the  dyes  must  have  combined  with  the  fibre  to  form  lakes  com- 
parable to  either  the  barium  or  tbo  tannin  lake. 

Betrzidene  dyes,  on  the  otJier  hand,  are  changed  nowise  on  passing 
into  the  fibre,  and  therefore  the  process  of  direct  dyeing  amounts  to 


'  The  electrical  dissociation  of  salts  muiit,  however,  be  taken  Luto  account. 
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*  an  aqueous  solution  of  a  dye  with  very  small  coefficient  of  diffusion, 
being  formed  inside  tlie  cellular  cavities  of  tlie  cotton  fibre  by  means 
of  a  dye-balb  possessing  a  Iiigli  osmotic  presflure.' 

It  is  evident  that  Weber  is  a  strong  upholder  of  the  chemical 
view,  and  that  he  discards  Witt's  theoiy  of  solid  solution,  whicli 
latter  postulates  that  the  dye  forms  a  solution  with  the  celluloae. 
That  Witt's  theory  does  not  hold  good  was  proved,  for  benzidene 
dye.s,  by  stuining  dinitro-cellulos©  in  its  normal  spongy  and  fibrous 
condition,  and  also  in  a  perfectly  homogenous  non-spongy  condition, 
which  latter  was  attained  by  dissolving  diniiro-cellulose  in  acetone, 
pouring  the  solution  on  glass  plates  and  allowing  the  solvent  to 
evaporate.  The  spongy  cellulose  stains  well,  while  the  homogenous 
cellulose  does  not. 

Heine',  relying  on  Lilienfeld's  statement  as  to  the  differences 
noticeable  between  free  nucleic  acid  and  nucleins,  had  hoped  to  be 
able  to  trace  the  fate  of  the  nucleic  aeid  formed  in  the  chromatin 
segments  by  the  use  of  methyl-green  and  rubin  S  mixtures,  but  was 
disappointed,  lie  anived  at  the  conclusion  that  although  nucleic 
acid  has  an  affinity  for  basic  dyes,  as  yet  W'e  have  no  methods  of 
difTerentiuting  micro-chemically  bet^veen  the  various  types  of  nu- 
cleic bodies,  such  as  nucleo-proteids,  nucleins,  nucleic  and  para- 
nucleic  acids  and  their  salts,  lie  also  ex{x»cte<l  that  a  micro-cliemical 
diffei-enttation  might  result,  by  substituting  for  the  mixture  of  a 
basic  and  an  acid  dye  a  mixture  of  two  basic  dyes ;  but  although 
bis  experiments  in  this  respect  fiviled»  tlmy  established  the  great 
unreliability  of  mixtures  of  basic  and  perhaps  also  of  acid  dyes  for 
microscopic  investigations,  as  the  differences  seen  in  sections  were 
produced  by  physical,  not  chemical  causes*. 

Heine  also  used  Millon's  reagent,  and  found  that  the  chromatin 
segments  gave  the  most  intense  colour  reai'tions. 

Walker  and  Appleyard '  showed,  generally  speaking,  that  there 
exists  a  parallelism  between  the  strength  of  an  acid  and  the  amount 
which  is  absorbed  by  silk,  aromatic  acids  being  taken  up  readily, 
while  non-aromatic  acids  were  absorbed  but  little.  That  Witt's 
theory  {]%.  330)  does  not  hold  good  in  staining  silk  with  picric 
acid  was  proved  thus:  On  dyeing  silk  with  picric  acid,  a  real  equi- 
librium was  attained  independently  of  the  original  distribution  of  the 
materials,  the  coefficient  of  distribution  of  picric  acid  I>etwoen  silk 

and  the  water  being  v—  — . 

*If  the  equilibrium  concentration  of  the  picric  acid  in  the  silk  b« 

s 
denoted  by  5,  and  in  the  water  by  w,  the  relation  -7=  s=  constant 

wW 

'  Heine  :  '  Die  Mikrochemio  d.  Mitoae,  zugleich  uine  Kritik  niikrochemischer 
Methoden,'  Zeitach. /.  phyaiol.  Chemie,  ai  1 1895). 

'  Even  pep»in-bydrochl'jrtc  ucid  is  not  ri'tiable,  because  nfler  one  to  one  and  a 
hftlf  hour's  digestion  at  40°  C,  the  he&ds  of  »permaU^>zoa  of  the  mlmnnnder  and 
the  niitoMes  hnd  all  their  nnoleic  noid  removed. 

*  Walker  and  Appleyard  :  '  Absorption  of  dilute  adda  by  ailk,'  TVont.  Chrnn, 
Soc.  1334  IJ896). 
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exists  between  these  magnitudes.  This  formula  would  indicate, 
according  to  the  solid  solution  thpory  of  dyeing,  that  the  vreight  of 
the  molecule  of  picric  acid,  dissolved  in  water,  would  be  n  titnea 
that  of  the  molecule  of  picric  acid  "diasolved  "  in  silk  ;  but  tbia  we 
know  to  be  incorrect,  as  n  is  greater  than  unity,  and  the  molecular 
weight  of  picric  acid  in  water  is  the  smallest  consistent  with  its 
formula.' 

Albert  Matbewa*,  in  1898,  published  a  most  important  paper  on 
the  chemistry  of  cytological  staining,  a  paper  so  short  and  clear  as 
to  be  the  type  of  what  scientific  papei-s  ought  to  be.  He  points  out 
that  albumins  and  albumoses,  being  weak  bases  (p.  288),  readily  unite 
with  free  acids  to  form  salts  which  may  be  either  soluble  or  in- 
Boluble.  Thus,  on  adding  to  albumin  or  albumose  a  solution  of 
the  fi*ee  picric,  metaphosphoric,  molybdic,  tungstic,  phoaphotungstic, 
tannic,  stearic'',  or  chromic  acids,  a  coagulum  is  formed  at  once. 
Should  these  acids,  however,  be  employed  in  the  form  of  their  salts, 
no  precipitate  is  formed  till  by  the  addition  of  a  few  drops  of  acetic 
or  hydrochloric  acid  the  solution  containing  the  mixture  of  albumose 
and  sodium  picrate,  for  example,  has  been  rendered  slightly  acid. 
Whenever  the  acid  is  added  the  albumose  picrate  is  thrown  down  at 
once,  'probably  because  the  acetic  acid  sets  free  the  picric  acid.' 

All  the  colour  acids  used  by  histologists  react  m  exactly  the  same 
manner.  These  dyts,  being  employed  generally  in  the  form  of  their 
neutral  salts,  require  the  addition  of  some  acidifier,  when  they  at 
once  combine  with  the  proteid,  forming  a  dense  coagulum.  Mathewa 
obtained  in  thia  way  albumin  and  albumose  precipitates  with  acid 
fuchsiUj  acid  green,  nigrosin,  anilin  blue-black,  erythrosin,  congo- 
red,  methyl-blue,  earrainate  of  sodium,,  and  indigo-cjirmin  *,  by  using 
an  acid  or  an  alkaline  (see  later)  solution  of  albumoses.  *Thia 
reaction  of  the  acid  stains  indicates  beyond  doubt  that  these  stains, 
when  in  acidulated  solutions,  will  enter  into  chemical  combination 
with  the  albumose  or  albumin  molecule  like  any  other  acid,  luas* 
much  as  it  is  [mssible  that  the  fi-ee  acids  enter  one  or  more  of  the 
basic  Nflj  groups  of  the  albumin  molecule,  the  acid  stains  also 
probably  enter  this  group.' 

But  not  only  colour  acids  but  colour  bases  can  be  made  to  unite 
with  albumin  and  albumoses  under  conditions  to  be  detailed  imme- 
diately. 

If  lead  acetate  is  brought  into  a  neutral  solution  of  albumin 
or  albumose  nothing  happens,  but  as  soon  as  the  reaction  of  the 
fluid  is  rendered  slightly  alkaline  with  sodium  carbonate,  then  an 
insoluble  lead  albuminate  is  thro^vn  down.  As  gelatin  and  protarain 
solutions  under  identical  conditions  are  not  precipitated^  and  as  they 

'  A.  Mathewa  :  Atnerican  Jour,  of  Physiol.  445-45-4 .     July,  1698. 

*  '  If  n  basic  dyo  is  added  to  neutral  %<i&p  tiolutiotm  a  llocttulent,  coloured 
precipitate,  consisting  probabty  of  Iho  coloitrod  iialt  of  pnltuiiio  or  steurir;  acid,  is 
thrown  d«>wn.  Neutral  Bolutiona  of  Ihyniitiic  acid,  a  derivative  of  nucleinic 
acid,  or  of  the  pacudo-nuoleinic  aoid  derived  from  the  yolk  of  hens'  eggs  show 
similar  reactions.' — MathovrH,  1.  c.  451. 

*  It  is  recommended  by  Mathewa  to  detitrmine  the  acid  or  basic  character  of 
a  dye  the  nature  of  which  we  may  not  know. 
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are  deficient  iu  the  phenol  group,  it  folIo\%'B  that  in  albumin  and 
similarly  eonstitutod  proteids  the  bo^iv  lead  radical  must  join  on  to 
the  *acid  hydroxyl '  radical  (p.  184)  of  the  phenol. 

Colour  basf«U8ed  by  hmiologists  are  neutral  salts,  being  generally 
the  chlorides,  liydrochlorates,  &c.,  and  i^act  as  docs  lead  acetate. 
Thus,  on  brin^'iug  together  a  solution  of  basic  fuclmin,  methyl-green, 
thionin,  toluidiii-blue,  safranin,  or  other  basic  ataina  ('  with  the 
possible  exception  of  vesuvin"),  with  a  solution  of  an  albumose, 
notliing  happens;  but  if  a  similar  albumose  solution,  rendered  slightly 
alkaline  with  sodium  carbonate,  bo  usod,  then  a  *  flocculent,  coloured 
precipitate,  consliitlug  of  the  albumose  In  combination  with  the  dyei, 
is  thi*own  down,' 

'  Theae  experiments  prove  that  many  of  the  basic  dyes  enter  into 
chemical  combination  witK  the  albumose  molecule  when  in  alkaline 
solutions,  forming  insoluble  coloured  compounds,'  and  'reacting  in 
tliis  respect  like  basic  lead  acetate,  protamin,  histone,  or  other  organic 
bases.* 

'Basic  dyes  in  alkaline  solution  may  thus  bo  used  for  the  detec- 
tion of  albumins  in  the  cell,  and  indeed  of  albumins  possessing  a 
phenul  or  tyrosin  group.* 

It  is  thus  beyond  all  doubt  that  the  ordinary  colour  acids  and 
colour  bases  will  combine  under  suitable  conditions  with  albumins 
and  albumoses,  to  form  definite  saltdike  compounds  :see  also 
M.  Ht'idenhain'g  work  on  p.  452), 

Tho  next  question  La  :  Doos  the  same  hold  good  for  albumin  which 
has  been  coagulated  by  alcohol  or  by  ncid  medui.  not  containing  such 
metallic  salts  as  corrosive  sublimate  or  chloro-platinous  acid? 

£gg-whtte,  coagulated  by  heat  or  by  alcoboL  does  not  stain  in 
Deutral  solutions  of  either  colour  acids  or  colour  bases.  '  It  is  true 
it  will  imbibe  a  certain  amount  of  colour  and  will  appear  stained, 
but  this  coluur  is  easily  and  quickly  removed  by  washing  in  water,* 

*  A  moat  striking  contrast  is  shown  by  two  pieces  of  coagulated 
albumin,  one  of  which  luis  l:»een  immersed  in  a  neutral,  the  other  in 
an  acid  solution  of  acid  fuchsin.  After  washing,  the  former  will  be 
found  to  be  colourless,  the  latter  a  brilliant  red.'  'Ti>words  basic 
stains  coagulated  albumin  reacts  on  tlie  whole  like  the  albumoses,' 
but  as  egg-albumin  coagulated  by  heat  is  normally  alkaline,  it  is 
oeoeasary  either  to  neutnilize  it  or  to  render  the  solution  of  a  colour 
base  slightly  acid,  if  we  desire  to  prevent  staining.  Placing  normal 
heats:oagulated  egg-albumin  into  neutral  or  slightly  alkaline  solu- 
tions of  basic  stain,  without  neutralization,  causes  it  to  become 
coloured  immediately.  'If  two  pieces  of  (alcohol)  coagulated  egg- 
albumin  be  brought,  the  one  into  slightly  acid  and  the  other  into 
alkaline  solutions  of  thionin,  the  stain  poured  off  after  a  few  seconds, 
and  the  albumin  washed  in  water,  the  piece  that  has  been  in  the 
alkaline  solution  will  be  an  intense  purple,  the  other  barely  tinged 
with  colour.' 

'  These  reactions  clearly  indicate  that  the  staining  of  coagulated 

'  This  djru  ia  a  mixture  of  colour  acids  and  colour  iMues  (see  p.  390). 
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albumin  depends  on  chemical  combiaations  similar  in  all  respects 
to  those  which  the  alburaosea  enter  into  with  the  same  stains.  In 
neutral  solution,  neutral  coagulated  albumin  combines  neither  with 
acid  nor  with  basic  stains ;  in  alkaline  solutions,  it  combines  only 
with  the  basic ;  in  acid  solutions,  only  with  the  acid  stains/ 

Freshly  prepared  haematoxylin  does  not  precipitate  albumose  in 
either  acid,  neutral  or  alkaline  solutions,  but  its  oxidation  product, 
haematein,  aa  well  as  sodium  carminate  give  at  once  a  coloured 
precipitate  in  an  acid  solution,  showing  that  both  the  haematein  and 
carminie  acid  react  like  ordinary  anilin  colour  acids.  '  In  alkaline 
solutions  of  the  albumosea  the  addition  of  solutions  of  carmalum 
(p.  243)  or  haomaltnn  (p.  238)  caused  heavy  flocculent  coloured  pre- 
cipitates, which  may  have  been  simply  the  stiin  which  is  insoluble 
in  alkaline  solutions,  but  it  is  also  possible  that  it  was  tlie  stain  in 
combination  with  the  albumose.  In  any  case  the  aluminium  sal 
of  carminie  acid  and  haematein  no  longer  react  towards  the  albi 
moses  or  tissues  like  acid  stains,  but  like  basic  stains.  This  is 
possibly  due  to  the  strong  basicity  of  the  aluminium  and  its  tendency 
to  form  double  acid  salts.  It  will  probably  be  found  that  the 
aluminium  salts  of  the  acid  anilin  colours  stain  like  the  basic  dyes.' 

In  applying  the  above  results  to  the  staining  of  sections  fixed  in 
alcohol,  Mathews  reasons  thus:  Basic  stains  in  neutnd  and  slightly 
acid  solutions  have  no  affinity  for  albumins  and  albumoses,  and  yet 
they  stain  the  nuclear  chromatin,  mucin  and  hyaline  cartilage,  all  of 
which  elements  contain  '  organic  acids  in  salt  combinations  with 
strong  bases  \ ' 

Therefore  it  must  be  borne  in  mind  that  basic  dyes  are  indicators 
of  all  organic  acids,  but  they  do  not  tell  us  the  nature  of  the  or- 
ganic acid.  Mathews  remarks:  'It  is  [still  not  uncommon  to  find, 
in  cytological  works,  methyl-green  and  other  basic  stains  regai-ded 
as  microscopical  reagents  for  the  detection  of  chromatin,  and  some 
cytoplasmic  bodies,  because  of  their  aflinity  for  basic  dyes,  have  been 
looked  upon  as  chromatin  or  derivatives  of  chromatin.'  The  readi- 
ness with  which  nucleic  acid  in  tissues  reacts  towards  colour  hoses 
depends  on  the  firmness  of  its  union  with  organic  bases:  thus 
nucleic  acid  in  the  sjiennatozoa  of  the  fish  and  the  sea-urchin 
(Miescher,  Kossel,  Mathews)  is  joined  to  histono  or  protamin  ;  in  the 
th3rmu8,  in  leucocytes,  and  in  the  red  blood-corpuscles  of  birds, 
Kossel  has  shown  nucleic  acid  to  be  a  histone  sfdt  All  of  these 
tissues  stain  readily  with  basic  dyes,  but  the  vertebrate  pancreas 
exhibits  only  slight  affinity  for  basic  dyes,  and  in  the  pancreas,  as 
macro -chemical  methods  prove,  nucleic  acid  is  united  much  more 
firmly  after  the  manner  of  Lilienfeld's  artificial  nucleins,  which 
stained  with  basic  dyes  only  as  long  as  they  were  not  saturated  with 
albumin  ;  after  saturation  they  developed  a  preponderating  attrac- 
tion for  acid  stains. 

'This  is  strong  evidence  that  the  acid  stain  enters  the  albiunin 

'  lu  nuclear  climmatiQ  il  i»  tiie  niicleie  at:id,  ua  pointc'd  out  by  Mie»cher  and 
oiberti  (see  p.  343),  whilo  the  acid  ^adi(^al  Id  both  mucin  aud  hj'Hlinu  cartilage  i« 
chondro-kulphuric  acid  (p.  385). 
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molecule,  while  the  basic  Intel's  the  Ducleinic  acid  molecule  in  these 
nucltjiiis.' 

Mathews  fixed  some  pieces  of  liver,  kidney,  and  voluntary  muscle 
of  the  frog  in  neutral  95  per  cent,  alcohol,  and  other  pieces  in 
similar  alcohol  containing  i  per  cent,  acetic  acid  ;  imbedded  the 
tissues  in  paraffin,  and  cut  as  usual. 

The  basic  dyes  used  were:  'vesuvin,  methyl-green,  methyl ene- 
blue,  safrauin,  toluidin-blue,  thiotiin,  and  dahlia.'  The  acid  stains 
were;  *indigo-carmin,  sodium  carminate,  nigrosin,  methyl-blue,  ery. 
throsin,  acid  green,  congo-red,  ornngo  G,  and  acid  fuchsin.' 

The  dyes  were  used  in  weak  aquertus  solutions,  as  strong  solutions 
only  lead  to  a  physical  absorption  of  large  quantities  of  the  stain. 
The  physically  absorbed  dye  is  readily  removcKi  by  water.  The 
sections  were  well  washed,  then  loft  in  the  staining  fluid  for  a  few 
seconds  up  to  three  minutes,  were  well  washed  again  and  examined. 

The  tissues  mentioned  above,  fixed  in  either  neutral  or  acid  alcohol, 
and  stained  with  neutral  solutions  of  basic  dyes,  exhibited  only  the 
chromatin  stained,  but  with  slightly  alkaline  solutions  gave  an  intense 
colouring  of  the  cytoplasm,  behaving  thonfore  in  every  respect  as 
does  ulbumose  and  albumin  (p.  348). 

Similar  sections,  placed  in  neutral  solutions  of  acid  dyes,  gave 
results  diflTering  entirely  from  one  another  according  as  to  whether 
the  tis.sues  had  been  fixed  in  neutral  alcohol  or  in  acid  alcohol. 
Neutral  alcohol  material  did  not  stain  at  all  in  neutral  solutions,  but 
did  so  readily  in  slightly  acid  solutions  of  the  acid  dyes.  Acid 
alcohol  material,  on  the  other  hand,  combined  at  onco  with  the  acid 
dyes  in  neutral  solutions,  probably  because  the  acetic  acid  radical, 
which  had  united  with  the  albumin  of  the  molecule  at  the  time  of 
fixation,  was  now  replaced  by  the  colour  acid  of  the  staining  fluid. 

Mathews  finishes  up  by  remarking:  'It  would  be  interesting  to 
know  what  influence  the  introduction  of  mercury  or  other  metala 
and  of  acids  into  the  albumin  molecule  may  exert  on  its  staining 
properties.'  Tiiis  ^K»int  baa  been  investigated  to  some  extent  by  Bur- 
chardt  and  by  A.  Fischer,  who  did  not  know  of  Mathews'  researches. 

Burchardt*  found  if  intestines  were  left  for  24  hours  in  2  to 
5  per  cent,  acetic  acid,  and  then  were  washt^d  in  water  and  hardened 
in  alcohol,  that  neither  methyl-green,  Bismarck-brown,  or  other  basic 
dyes,  nor  haematoxylin,  would  stain  the  nuclear  chromatin,  although 
if  similar  piecos  of  intestine  were  treated  simultaneously  in  the  acetic 
acifl-f  methyl-green  mixtures  of  Carnoy  or  in  Mayzel's  acetic  acid 
•f  Bismarck-brown,  the  nuclei  did  stain  well.  Similarly,  while  pure 
sublimate  fixation  gave  good  staining  with  methyl-green,  subliniato 
-f  acetic  acid  fixation  did  not.  Sublimate  in  any  form  exchides  the 
typioal  staining  by  van  Giesson's  method,  and  cilcium  bichromate^ 
for  unknown  reasons  also  gives  much  worse  results  with  this  staining 
than  do  all  other  bichromate  solutions'. 

•  Burrlmnlt :  La  CtUul*,  12,  335  (189-;^ 

*  Burebanlt  prcferH  Ku)t««hU£ky'a  pal4>nt  acid  mbin  to  the  ordinary  acid 
ftictuin.  Ho  iDHkcM  up  van  Giowioq'B  Htjiin  by  mixing  pierio  add  (i : 300 of  watar) 
9  parta,  and  taturatvd  watery  rubiu  S  i  pari. 
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After  bichromate  fixation,  cells  can  be  stained  readily  by  over- 
staining  sections  in  methyl-violet  or  basic  fuchsin ;  washing; 
transferring  for  a  few  minutes  to  picric  acid  +  chromic  acid  mixtures, 
consisting  either  of  one  per  cent,  picric  acid  i  part  +  one  per  cent. 
chromic  acid  2  parts,  or  one  per  cent,  picric  acid  i  part  +  two  per 
cent  chromic  acid  2  parts. 

Alfred  Fischer '  divides,  as  already  stated  (p.  256),  fixing  reagents 
into  three  classes : 

(o)  Indifferent  fixatives  reqejiring  no  subsequent  washing  (alcohol, 
formaldehyde,  acetic  acid,  and  the  almost  indifferent  picric  actd>. 

[h\  Partially  indifferent  fixatives  (chromic  acid,  potassium  bichro- 
mate, Flemming's  solution,  and  corrosive  sublimate). 

[v]  Total  colour  enemies  (platinum  chloride,  Hermann's  solution, 
tannic  osmium  tetroxide,  Altmann's  fluid,  and  iodine  alcohol). 

Fischer  terms  the  colour  affinity  exhibited  by  tissues  after  fixation 
in  what  he  supposes  to  be  indifferent  media',  the  primary  chroma* 
tophily^  while  '  secondary  chromatophily '  is  the  term  given  to  the 
staining  reactions  obtained  after  the  use  of  the  two  clasaea  of 
fixatives  enumerated  above  under  (&)  and  (c). 

Fischer  obtained  as  regards  primary  chromatophily  (see  above)  the 
following  results : 
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'  A.  Fischer :  Fizirung^  F&rhw\g  u.  Bau  d.  Protoptasmas^  GuBtav  Fischer,  Jena, 

*  The  following  objections  to  the  so-called  indifferent  fixnltves  naturally 
suggest  themselves.  With  the  exception  of  alcohol,  if  it  act  only  for  a  short  tima, 
all  other  fixatives,  such  as  formnldiiliyde  and  iicetic  acid,  cause  oiiormous  ch&ngea 
not  only  by  forming  additive  compounds  (formol),  but  also  by  causing  electrolytic 
decompoaition  satisfying  ba«io  tendencies  of  (he  proteid,  and  extracting  ceU 
eonstltuents  (acetic  acid). 
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The  chief  results  ar^,  therefore,  that  after  precipitation  with 
'  inditferent '  media  (alcohol,  formaldehyde,  acetic  acidf,  miclcic  acid 
is  strictly  aciflophobe,  but  there  is  no  corresponding  basophobia. 
Nucleins  ure  slightly  acidophobe.  and  only  in  heterogeneous  mixtures, 
such  as  Ehrlieh-Biondi's  or  acid  fuchjsin  methylene-blue  mixtures, 
ftppeATS  'basophily,'  because  'basic  dyes  are  taken  up  more  readily 
than  are  acid  ones.' 

No  reference  is  made  by  Fischer  as  to  the  reaction  of  the  serum-albu- 
min or  globulin  he  used  ;  on  p.  45,  L  c,  it  is  slated  that  commercial 
eerum-aibumin  is  faintly  acid,  and  that  an  alkaline  leaction  prevents 
alcoliol  precipitation,  so  Fischer  prubaljly  used  neid  sorum-globulin. 
Nothing  is  stated  as  to  the  reaction  or  strength  of  the  basic  dyes, 
nor  for  how  long  the  preparations  were  washed  after  having  been 
stained.  In  a  previous  chapter  it  is  mentioned  that  borax  greatly 
increases  the  staining  power  of  methyl-green.  In  the  light  of  the 
researches  of  Mathewa,  these  points  must  be  carefully  noted  in  the 
future. 

The  secondary  chromatophily  Isee  p.  352)  imparted  by  partial  and 
total  colour  enemies  is  as  follows: 


Cliromium  (sp.  gravity  6-8)  *  prevents  all  staining  with  methyl-green 
in  those  cases  whore  the  proteid,  after  precipitation  with  alcohol, 
stains  only  feebly  or  of  medium  strength,  as  do  casein  and  albu- 
mo«e ;  but  if  the  primary  aflinity  for  methyl-green  be  great,  as  in 
nucU'ic  acid  and  the  nudeins,  then  chromium  d«ies  not  interfere, 
Safranin  stained  albumose,  albumin,  and  casein  distinctly  less  than 
■  when  acting  on  alcohol  coagula.    The  chromates  of  albumose,  albu- 
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'  Fischer  believes,  apparently,  the  speoiAo  weight  to  have  some  influence. 
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min,  casein,  and  hnomoglobin  stain  apart  from  methyl-gre«n  wilh 

ncid  dyes  nnd  such  lia-sic  stains  as  fuchsin,  gentian-violet,  methylene- 
blup,  lik*  formaldehyde  eoagula. 

Fischer  further  states,  and  this  is  certainly  -wrong,  that  chrome 
does  not  establish  an  affinity  for  acid  dyes.  If,  as  h©  states,  nucleic 
acid  and  nucleins  do  not  stain  more  readily  in  acid  dyes  after 
chrome-fixation,  it  is  for  the  simple  reason  that  they  are  acid  com- 
pounds themselves ;  albumins  do  stain  much  more  dee^ply  after 
chrome-fixation,  because  of  the  mordant  action  of  the  basic  hydrate. 

Iron  (sp.  gravity  7-84),  chemically  nearly  related  to  chromium, 
produces  effects  similar  to  the  latter.  It  is  suggested  that  the  0-3 
to  0'5  per  cent,  of  iron  occurring  in  haemoglobin  is  the  cause  of  the 
latter  not  staining  with  methyl -green. 

Mcrcurtf  {h\\  gravity  13-6)  increases  the  affinity  for  methyl-green  to 
such  an  extent  that  even  haemoglobin  becomes  stained,  and  simul- 
taneously lowers  the  affinity  for  acid  dyes. 

Flathmm  (sp.  gravity  21-5)  and  Osm'mm  (sp.  gravity  21-4)  diminish 
the  aflinity  for  all  acid  dyes  and  increase  that  for  basic  stiiins, 
especially  for  methyl-green,  which  colours  deeply  all  platinum  and 
osmium  precipitates  of  albuniose,  albumin,  and  globulin,  and  the 
platinum  coagulum  of  haemoglobin.  Nucleic  acid,  precipitated  liy 
platinum,  neither  stains  in  2  per  cent,  light-green  or  acid  fuchsin  if 
boiled  even  for  one  hour  on  a  water-bath,  nor  if  it  he  left  in  the  stain 
for  20  hours  at  the  ordinary  temperature.  This  '  acidophobia ' 
Fischer  overcomes  by  albumose  impregnation,  or  adding  sulphuric 
acid  or  alum  to  the  stains  (see  pp.  202,  362-365I. 

Fixhu]  solutions  1  'Just  as  every  componont  has  its  own  specific 
coagulating  power,  and  exerts  its  influence  independent  of  others,  so 
does  each  component  impart  a  specific  adsorptive  power'.  In  Flem* 
miug's  foUition  (p.  95),  for  example,  the  osmium  has  exactly  the 
opposite  effect  to  the  chromic  acid,  while  in  Hermann's  solution 
(p.  96)  it  has  the  same  effect  as  "platinum  chloride."  For  thia 
reason,  albumose  precipitated  with  Hermann's  solution  is  ^.rongly 
acidophobe,  while,  if  Flemming's  solution  be  employed,  the  albumoee 
precijntate  stains  readily  wilh  such  acid  dyes  as  eosin,  acid  fuchsin, 
and  bght-green.  The  percentage  amount  of  such  antagonistic  re- 
agents as  chromic  acid  and  osmic  acid  (osmium  tetroxide)  determines 
in  each  individual  case  the  affinity  for  stains.* 

How  the  fixing  reagent,  if  allowed  to  remain  in  the  tissue,  in- 
fluences the  pi'imary  and  secondaiy  chromatophily,  Fischer  has 
worked  out  with  great  care  for  methyl -green,  as  the  following  table, 
taken  from  his  book,  shows.  (Three  crosses  -t-  -f  +  means  very  great 
affinity,  -f  +  medium  affinity,  -f  slight  affinity,  and  O  no  aflinity.) 
3ee  also  chap,  xx, 

'  Fischer's  yiew  of  stalningj  as  mentioned  on  pp,  aoo  ftud  334,  ia  a  porely 
pbyaical  one. 
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Prtmaby  and  Sbookdart  Adsorptivb  Power  for  Mbthtl-ordek. 
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L,  Vignon '  endeavoured  to  determine  wliether  staining  cotton  l)y 
the  direct  method  (p.  195)  depends  on  a  chemical  process.  lie 
therefore  chose  various  siibstancea  which  are  chemically  related  to 
the  dyes,  boiled  cotton  ivith  these  reagents  in  neutral  solutions  for 
15  minutes,  weighed  the  cotton,  and  also  estimated  the  residue  of  the 
Bul^stances  left  in  the  bath.  He  always  employed  1  pram  of  cotton 
and  I  gram  of  the  dye  substance  to  be  testetl,  dissolved  in  250  cc, 
of  water  renderetl  alkaline  by  the  addition  of  3-5  grams  of  sodium 
carbonate.  The  bases  which  Vignon  incoi-jwrated  with  Ihe  cotton 
were  neutral  hydrochloride«sjilts.  His  results  are  shortly  these: 
Diphenyl  (C^H^— C,;H,),  ammonia  (UH,)^  hydroxylamin  (NH.OH 
4-H,t>>,  and  azobenzene  {C^llj  ■  N:  N -C^IIJ,  are  not  absorbed,  and 
therefore  the  fixation  of  direct  colours  |p.  195)  ia  not  due  to  free 
nitrogen  atoms  or  to  the  azo  gi'oup  (p.  182). 

On  nie  other  hand,  diamins,  C,H^(NH_)j,  except  o-phenylene- 
diamin,  and  hydrazins'  ai-e  absorbed  to  a  considerable  extent,  and 
the  alisorption  is  independent  of  the  degree  of  substitution  of  the 
lutotized  molecular  group.  Direct  staining,  therefore,  is  due  to  the 
grouping  >j,_R_j,<;       „      >N_N< 

which  schemes  express  that  two  hydrazinic  nitrogen  atoms  are 
united  either  by  means  of  aromatic  residues  (K)  or  directly.  The 
two  N-groups  may  be  further  combined  with  hydrogen,  PI,  methyl, 
CHj,  or  with  N-atoms  forming  azo  groups,  wlien  in  the  last  case  the 
^  by  uniting  with  the  cellulose  may  become  pentavaleut, 


> 


N— N 


\ 


'  L.Vi^on:ativl.Jif»Mli  357-360  (1897);  abrtraot  inJ,Si»c.C»«ii./nAiot4(i897), 
*  Iljdrnzin*  are  obtaiJied  by  reducing  diazo-compounds,  e.  g.  diAxo-bcowne 
chloride,  C,H».K:NCl  +  (4H)-pbBnyI-hydra«ia,  C,H,-»H-KU,  +  (HCIJ. 
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AS  is  proved  by  benzidene,  NHj  — C.H^C.Ht  — NHj,  and  tetramethyl- 

beiizidene, 

being  absorbed  by  cotton  while  the  methyl-iodide  compound  of  tetra- 
metliyl-beiuidene,  in  which  the  nitrogen  atoms  are  already  penti^ 
valent,  is  not  absorbed. 

Gnehm  and  Hoetheli '  are  of  the  opinion  that  staining  is  not  a  homo> 
geneoiia  process  at  all.  Gnehm,  in  his  earlier  experiments,  had 
shown  that  glass  beads  immersed  in  hot  aqueous  solutions  of  fuchsin 
(magenta),  fuchsin  +  ammonia,  and  the  colourless  fuchsin-carbinol  base 
(p.  421),  and  left  for  eleven  weeks,  looked  all  alike,  being  deeply 
stained.  Alcohol,  however,  extracted  the  colour  fi-om  the  glass  beads 
stained  by  the  two  solutions  mentioned  last,  while  the  beads  stained 
in  the  ordinaiy  fuchsin,  or  fuchsin  chloride  salt,  did  not  lose  their 
colour  even  after  prolonged  extraction  with  alcohol. 

Tiie  authors  found  that  silk  could  never  be  decolourized  completely 
by  alcohol,  and  that  therefore  the  dye  which  remained  in  the  fibre  was 
bound  chemieallyj  while  the  remainder  which  was  extractable  was 
bound  only  physically.  Weak  staining  solutions  allowed  to  act  for 
a  long  time  gave  much  more  resisting  stains  than  strong  solutions 
which  had  acted  fgr  only  a  short  time*  This  observation  is  fiUly 
borne  out  by  ordinary  histological  staining,  and  is  explainable,  I 
believe,  on  the  theory  that  weak  solutions  of  dyes  are  more  com- 
pletely dissociated  electrolytically  and  therefore  more  active. 

Tlie  carbinol  base  of  fuchsin  (magenta)  is  a  tolerably  stable  com- 
pound, and  requires  somewhat  strong  acids  to  become  converted  into 
the  ammonium  derivative,  and  apparently  silk  is  a  sufficiently  strong 
acid  to  bring  about  this  change.  That  dyeing  is  really  a  question  of 
salt-formation  they  proved  in  this  way:  Skeins  of  silk  dyed  with 
magenta  were  allowed  to  stand  at  the  ordinar>'  temperatui-o  in  a  mix- 
ture of  metliyl  iodide  and  methyl  alcohol,  side  by  side  with  the  rosani- 
lin  base,  the  rosanilin  hydrochloride,  the  rosanilin  stearate  and 
amtdo-stearate.  All  the  samples  lemained  unaltered  with  the  ex- 
ception of  the  free  base,  which  turned  deep  blue,  but  on  warming 
from  35  to  40'^  C.  for  20  hours,  the  salts  as  well  as  the  akein  were 
alkylatbd.  Animal  fibres,  therefore,  unito  in  all  probability  with 
the  dyes  to  form  chemical  compounds. 

Welder's  observation  that  benzidene  dyes  (p.  346)  attach  themselves 
as  salts  to  the  fibre,  was  confirmed  by  Gnehm  and  Roetheli,  as 
100  grnis.  of  cotton  immersed  in  boiling  solutions  of  i  per  cent,  of 
the  pure  barium  salt  uf  ben/opiirpurin  4B,  and  benzazurin  3O,  took 
up  the  whole  of  the  salts.  Barium  salts,  having  only  a  small 
coefficient  of  diffusion,  dye  only  slowly,  and  are  also  not  extracted 
from  the  fibres  ;  further,  asbai'iuni  salts  are  imj'^ervious  to  Riintgen's 
rays,  it  was  easy  to  determine  that  the  cotton  had  taken  up  these 
salts. 

*  This  work  was  done  In  the  Techaisch-chem.  Labonit.  d.  Folytechnik,  Zilrich. 
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To  answer  the  question  whether  other  dyes,  not  belonging  to  the 
benziclene  group,  are  deoom posed  on  dj'eing,  the  authors  made  the 
fallowing  experiments :  Dye  radirnls  were  combined  "with  acids  and 
bkses  having  higli  molecular  weights  ;  thus  colour  bases  were  united 
with  palmitic  and  stearic  acids,  while  colour  acids  were  used  in  com* 
biuatiou  with  organic  bases  ', 

On  dyeing  silk  in  these  solutions ;  drying  it ;  waahing  off  with 
l>enzene  any  acid  which  was  adhering  mechanically  and  dissolving 
the  silk  in  hydrochloric  acid,  it  was  found  that  no  acid  had  l>een  taken 
up  by  the  fibro.  Therefore  the  colour  salt  must  have  been  decom- 
posed, and  only  the  colour  liase  have  been  taken  up  by  the  silk. 

A  further  proof  of  the  chemical  theory  of  dyeing  is  the  existence 
of  salts  which  are  formed  by  colour  bases  uniting  with  relatively 
weak  acids,  if  these  haven  high  molecular  weight,  such  as  umido  acids. 
Further  compounds  of  colour  acids  with  faintly  I«\sic  bodies  are  jios- 
sible  ;  for  example,  naphthol  yellow  S  combines  in  equimolecular 
proiK>rtionja  with  anilin,  benzidene,  and  also  with  amido-palmitic 
acids. 

Gnehm  and  Roetheli  have  arrived  at  the  following  conclusions : 

(i)  Substantive  dyes  (p.  195)  +  animal  fibres  =  mixture  of  chemical 
compounds  +  phj^ic^lly  absorbed  dye. 

(2)  Adjective  dyes  +  animal  fibres  =  partly  chemical  compound 
with  the  mordant  +  partly  physically  absorbed  dye. 

(3)  Substantive  dyeing  of  cotton  with  benzidene  colours  results  in 
a  fiohition  of  the  dye  salt  in  the  c^ll-sap.  The  dye  remains  in  the 
fibre  owing  to  its  small  coefficient  of  diffusion. 

(4)  Indigo  and  basic  substantive  dyes  are  taken  up  by  adsorption 
according  to  the  view  of  v.  Georgievics  (see  p.  331). 

(5)  Pigments  and  azo  colours  formed  on  the  fibre  are  precipitated 
purely  mechanically. 

(61  Adjective  dyes^  oa  cotton,  form  lakes  which  are  precipitated 
mechanically. 

Schutzonberger  has  investigated  the  products  of  hydrolysis  of 
wool  by  baryta  water,  and  has  found  them  to  bo  analogous  to  those 

^  To  prepnrt-  pa1mit*tM  proceed  thus  :  PrMipitkte  the  dye  in  the  oold  with  NH^ 
add  the  tiiiely  powdered  bue  to  the  molt«a  acid,  and  purity  the  salt  after  cooling 
witlt  alcohol,  when  motalliu  powders  with  no  crjatalline  appearance  are 
obtained.  Thus  palmitate  of  parar'»t«anilin  has  a  mvlting  point  of  85°  C,  aud  the 
•tearate  of  98°.  Both  are  easily  aolublo  in  alcohol,  chloroform,  aoetonc ;  insoluble 
in  benzene,  carbon  bisulphide,  and  pi-troluum  ether.  The  following  aalta  of 
n«w-roBanilin  were  prepared  and  wore  found  to  stain  wool  and  silk  from  dilute 
alooholic  lolutions,  the  req>eotive  acids  remaining  In  the  bath : 

(i)  The  amido-aectato,  (a)  th«  amido-caproniat«»  (3)  the  tyroain  salt,  (4)  ibe 
ainido-et«anite,  and  (5)  tb«  amido-palmitate. 

Similarly  acid  dye*  united  with  feeble  baMi:  (i)  naphthol  yellow  S  + anilin 
salt;  +  lienzidene salt ;  -f  amido-palmitate  ;  (a)  Hclretia-blue  and  benzopurpurin 
with  anilin  salt;  (3)  jS-naphthol  orange  and  pieri«  acid  with  b«nxidene ;  and 
(4)  picric  acid  with  amido-palmitate. 
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of  ordinary  gelatin  and  albumin, 
gelatin  is  this : 


The  formula  he  attributes    to 


C,0,< 


T^/CO  CH ,  NH  C^,  N  C,H,.CO 

'^  \CQCH;  NHC,H,NH-C,HvCOOH 

'\COCIt,  NH an,  NH C,H,C0OH 


.1^  = 


and  similarly  albumin  contains  tlie  typical  groups  C,0^;^j^^_and  the 
carbamide  group  C0<^^^ 

In  these  formulae  the  complete  absence  of  the  aniido  group  NH, 
■will  l>e  noticed.  This  view  is  also  held  by  v.  Flick  and  Prud'homme  ', 
and  is  further  supported  by  the  experimental  work  of  the  two  follow- 
ing observers. 

Bentz  and  Farrel'  made  experiments  to  determine  whether  the 
affinity  between  acid  dyes  and  silk  and  wool  dei^ended  on  the  basic 
amido  radical  NH^  wlucli  the  latter  are  supposed  to  possess,  being 
amido  earboxylic  acids,  H,^N — R — COOH.  They  de-amidatod  the 
fabrics  by  treatment  with  nitrous  and  hydrochloric  acids  at  the  ordi- 
nary temperature  for  lo  to  12  houi-s,  followed  by  washing  with  (i) 
alcohol,  (2)  cuprous  chloride  and  hydrochloric  acid,  and  13)  water.  As 
both  silk  and  wool  l>ehaved  towards  acid  colours  as  ordinary  wool 
and  silk,  the  authors  arrived  at  the  conclusion  that  the  amido  groups 
present  in  silk  and  wool  either  play  no  part  at  all  or  at  most  an 
unimportant  one. 

Prud'homme  ^  is  a  strong  l>eliever  in  the  chemical  theory  of  stain- 
ing, and  the  very  ingenious  method  of  liquid  artificial  fibres,  described 
below,  allows  of  accurate  determinations  being  made. 

In  his  first  paper  Prud'homme,  adopting  the  view  of  Schutzenber- 
ger  (p.  357),  Bentz,  and  Parrel,  assumed  that  wool  contains  the  group 

1 f 

N  ■  CH^Q  •  CO,  which  with  sulphurous  acid  would  form  the  compound 

K-C,i-Hjn«C<(V,^  TT     Thus  the  acid  function  of  the  molecule  becoming 

accentuated,  its  affinity  for  basic  colouring  matters  is  increased. 
The  sulphur  radical  in  wool  Prud'homjiie  believes  to  be  combined  as 


NC„H, 


•CO    or        NCnH^CS 


Wool  absorbs  nitrous  acid,  which,  combining  with  the  imide  group 
NH,  may  give  rise  to  nitrosamins,  and  by  assuming  that  tho  NH 
radical  combines  with  phenols  in  alkaline  solutions,  staining  reac- 
tions may  be  readily  explained  on  chemical  lines. 


'  Prud'homme:  Her.  Gen.  (7bi Mat.  Col.  2,  a  13  nn<I  i,  7a, 
'  B(.ntz  und  Farrel  :  J,  Soc.  Qht^n.  Induiir.  p.  405  (1897). 
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Two  years  later,  in  1900',  Priurhomme  constructed  the  liquid  arti' 
ficinl  fibres  aHove  referred  to.  He  took  neutral  solvents,  which  are 
not  or  only  slightly  sohihle  in  water,  such  as  benzene,  chloroform, 
or  amyl-alcohal,  and  dissolved  in  them  acids,  bases,  mixtures  of  acids 
and  bases,  or  substances  containing  both  basic  and  acid  ^'roups  in 
strengths  of  10  per  cent.  An  acid  character  was  given  to  tlie  aniyl- 
alcohol  by  means  of  })enzoic  C,,H,  •  CO  — OH.  and  sahcylic  C,il, 
•  OH  •  CO  — OH  acids  ;  a  basic  character  by  weak  haaes  such  as  im- 
idea  for  example  acetanilide  {autifebrin\  C^H,  •  NH  •  CO  -  CH„  and 
diplionylaoiin,  C,Ha — NH  — C^Hj;  while  bodies  containing  both  an 
aoid   and   a   basic    group    were    represented    by    phenyl-glycocoU, 

C,H,CH<^^^jj, and arvthranllic acid,  C,H,<;^^?^^jj 

Next,  small  quantities  ofthe  bases  of  pararosanilin,  malachite-green, 
hexamethyhvittlet,  methylene-bhie,  rhodamin,  safranin,  Bismarck- 
hrown.  and  the  oxyazina  sky-blue  and  Nile-blue  (see  p.  407)  were 
dissolved  in  i  j>er  cont.  caustic  soda. 

On  shaking  rapidly  together  equal  quantities  of  the  solutions  of  the 
dj'es  just  mentioned,  and  10  per  cent,  salicylic  acid  amyl-alcuhol,  the 
hitter  l>ecame  coloured  like  a  salt  of  the  base ;  thus  the  violet  methy- 
k^ne-bhte  became  blue,  the  rhodamin  changed  from  yellow  to  orange, 
safmnin  from  carmin  to  orange  red,  Nile-blue  from  orange  to  blue, 
and  Bismarck-brown  from  yellow  to  orange. 

The  less  basic  a  colour  base,  the  less  stable  are  its  compounds ;  for 
example,  rhodamin  +  amyl-akohol  =  yellow  orange  colour  +  fluor- 
eecence,  while  rhodamin  +  amyl-alcohol  -ir  naphlhol  showed  the  samo 
red  colour  as  is  exhibited  by  wool. 

As  dye  radicals  of  weak  bjisicity,  such  as  carmin  blue  G,  acid 
violet  7B,  and  magenta,  are  more  freely  absorbed  from  water  by  amyl- 
alcohol  containing  ^-naphthol  than  by  alcohol  alone,  we  may  use 
/?-naphthol  as  an  indicator  as  to  how  colour  bases  will  react  with 
stronger  acids,  such  as  wool  which  has  been  treated  with  sulphuric 
acid,  because  with  the  stronger  acids  insoluble  compounds  will  be 
fonnofl. 

The  acidity  of  wool  is  distinctly  greater  than  its  basicity,  while 
the  opptjsite  holds  good  for  those  dyes  which  stain  wool  directly 
(substantive  dyes),  and  therefore  a  chemical  union  between  the  wool 
and  the  dye  is  very  probable. 

Napbthylamin-/?,  C,„Ht^'Hj3,  extracts  in  an  amyl-alcohol  solution 
carmin  blue  less  rapidly  than  does  a  solution  of  naphthol-/6f,  C,oH-OH/9, 
in  amyl-alcohol.  The  former  is  a  stronger  Itase  than  wool,  for  dis- 
solved  in  amyl-alcohol  it  extracts  free  colour  acids  from  aqueous 
solutions,  while  wool  does  not,  but  cannot  form  compounds  of  great 
stability  with  acid  dyes. 

If  neutral  instead  of  acid  amyl-alcohol  was  taken,  then  the  alcohol 
turned  the  same  colour  as  the  free  base  if  the  latter  was  coloured,  or 
remained  colourless  if  the  carbinol  base  (p.  421)  was  colourless. 

As  silk  dyes  the  same  colour  as  is  exhibited  by  the  salicylic  acid 

*  Prud'hommo  :  Sn.  Om,  da  MtU,  CU,  189-199  (1900). 
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amyl-alcohol  mixture,  the  process  of  staining  must  be  due  to  a  com- 
bination of  the  colour  base  with  an  acid  group  in  the  fibre  (see  al>ove, 
Prudliomnie's  early  paper). 

The  salts  of  basic  dyes  are  more  or  less  solul^le  in  neutral  amyl- 
alcohol,  but  fuchsin,  methylene  Idue,  mid  safraniii  salts  dissolve 
more  readily  in'acid  alcohol,  because  the  salicylic  acid  acts  on  the 
free  amido  groups  of  the  dye.  Analogously  silk  is  supposed  to  take 
up  a  certain  quantity  of  the  undissociated  magenta  salt. 

CJorrespondi ng  oxperiments  were  made  with  the  sulphonic  acid 
dyes ;  acid  fuchsin  (acid  magenta),  acid  green,  acid  violet,  patent 
blue,  c3'anol,  ponceau,  crocein,  orange  III ;  ehromotroi)es  and  indigo- 
car  min. 

Amyl-alcohol,  whether  neutral  or  acidified  with  sulphuric  acid, 
became  only  slightly  coloured  ;  Imt  amyl-alcohol  containing  10  per 
cent,  of  acetanilide  gave  an  intense  colouration  differing  from  that  of 
neutral  or  acid  alcohol.  Thus  indigo-carmin  is  greenish  blue  in 
neutral  alcohol,  and  pure  blue  in  acetanilide  alcohol. 

From  an  acid  cherry-red  solution  of  the  salt  of  orange  III.  neutral 
amyl-alcohol  takes  up  the  yellow  colour  acid,  while  acetanilide  amyl- 
alcohol  shows  an  orange  colouration.  Silk  and  wool  in  an  acid  dye- 
bath  act  analogously  to  amyl-alcohol,  as  under  these  conditions  they 
are  capable  of  decomposing  acid  salts '. 

Prud'homme  thinks  that  the  HSO,  of  the  dye  combines  with  the 
NH  radical  of  the  fibre,  while  Gillet  believes  that  the  NH  radical  of 
the  chromophore  of  the  dye  (  — NH  — N=)  unites  with  the  COOH 
group  of  the  fibre,  because  salicylic  acid  cannot  extract  the  azo-dyes 
from  their  acid  solutions,  although  it  is  a  stronger  acid  than  any 
wliich  can  be  supposed  to  exist  in  the  fibre. 

The  free  colour  acid  tetrabrom-fluorescein  of  the  salt  eosin  dis- 
solves in  neutral  or  acid  amyl-alcohol  with  the  yellow  colour  of  the 
free  base  ;  and  the  acetanilide  +  amyl-alcohol  reagent  does  not  act  on 
a  solution  of  eosin  till  some  salicylic  acid,  or  phenyl-glycocoll,  is 
added  to  the  alcohol,  when  the  red  colour  of  the  eosin  salt  is  obtained 
on  bringing  the  alcohol  mixture  in  contact  with  the  free,  yellow 
colour  acid  tetrabrom-fluorescein. 

As  regards  the  mordant  stains,  the  oxyketones,  and  the  carlx)xylic 
compounds,  it  is  necessui-y  for  the  mordant  to  be  at  least  diatomic 
or  divalent,  to  allow  it  firstly  to  become  fixed  to  the  tissue,  and 
secondly  to  fix  the  dye,  which  latter  event  is  brought  al>out  by  the 
interaction  between  one  or  more  of  the  free  hydroxyl  radicals  of 
tlie  metal  with  the  hydroxyl  orcarlioxyl  groups  of  the  dye,  leading  to 
the  formation  of  condensation  products,  accompanied  by  the  elimi- 
nation of  water. 

As  all  animal  and  vegetable  fibres  are  semi-permeable  membranes 
(Hofmeister,  p.  330),  they  possess  the  power  of  decomposing  certain 
compounds  such  as  acid  stilts,  and  therefore,  because  of  their  structure 
alone,  tissues  will  repel  certain  stains  (Prud'homme).  It  is  better, 
however,  to  put  it  this  way  :   Tissues  being  semi-permeable  mem- 

'  To  b«  accuntte  we  ebould  aaj  abstracting  the  colour  radical  from  the  dye 
wliich  haa  uodergoue  electrolytic  dissooiatiotu 
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branes  will  allow  only  of  the  migration  of  ceitain  ians  through  tliem, 
after  the  ions  have  previouslj'  been  funned  by  Ihe  electrical  dissocia- 
tion of  the  electrolytes. 

These  observations  of  Prud'homnie  were  attacked  by  Sisley ',  who 
found  that  the  coluurless  rosnnilin  base  of  crystal-violet  reverts  to  the 
coloured  form  on  bein^  Ixjilt'd  with  water,  or  on  being  shaken  up 
with  neutral  amyl-alcohoL  Sisley  attributed  the  negative  i*esulta 
which  Prud'homme  jfot  to  Prud'homnie  having  used  the  colour 
bases  dissolved  in  i  por  cent,  alkaline  solution,  by  which  process  the 
colouration  of  the  amyl-alcohol  is  prevented. 

Knecht^r  however,  has  shown  Prud'homnie's  work  to  be  c«inect, 
and  Sisley  to  be  in  the  wrong,  for  these  reasons:  Ordinary'  amyl-alcohol 
always  conlaius  traces  uf  both  organic  acids,  and  also  of  carbon 
dioxide,  a  fact  overlooked  by  Sisley  ;  and  if  amyl-alcohol  bo  purilied 
by  contact  with  powderwl  caustic  potash  find  subserjuent  distillation, 
it  is  not  coloured  by  rosanilin  solutions,  unless  the  aniyl-akohol 
and  tlio  watery  solution  bu  ahakon  together  in  the  presence  of  air, 
when,  owing  to  the  absorption  of  CU.j,  the  alcohol  becomes  rose- 
coloured.  Pure  amvl-alcohol  (but  not  ethvl  or  heptvl  alcohol)  con- 
taining heptylic,  CH,(CH,l,CO  OH,  oleic  Cn,CII:Cn.(CII,|„COOH. 
or  carbonic,  C0„  acids  ia  quickly  and  strongly  coloured  by  the  colour- 
less rosanilin  base. 


I 

I 
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Oillet*  likewise  points  out  the  existence  of  valeric  and  other  easily 
hydrolj'sable  acids  in  ordinary  amyl-alcohol,  and  to  remove  them  and 
the  carbonic  acid,  amyl-tUcohol  is  first  shaken  up  with  moist  sixia, 
and  then  distilled  in  a  current  of  nitrogen.  To  obtain  the  rosanilin 
base  quite  colourless  he  distils  it  frcishly  over  soda  into  ether. 
Having  taken  these  precautions  the  rosanilin  ba-se  does  not  colour 
the  amyl-alcohol  in  tho  cold,  and  only  slowly  on  heating. 

Gillet  further  noticed  that  a  number  of  triacids  in  watery  acid 
solution  when  shaken  up  with  amyl-alcohol  stained  the  latt4^r  of 
the  colour  of  the  diacid  ;  thus  the  triacid  hydrochloric  acid  aidt  of 
magenta  is  of  a  yellow  colour,  and  stains  amyl-.alcohol  a  blue  colour. 
The  explanation  offered  is  that  under  the  inlluence  of  water  and 
mineral  acids  the  neutral  alcoholic  solvont  takes  up  the  colour  acid, 
itnd  then  brings  about  an  intra-molecular  union  I>etween  the  Ixisio 
fNH)  and  the  acid  <SO.OH)  groups  of  the  dye.  Siiould  the  com- 
pound formed  in  this  manner  be  soluble  in  water,  as  is  the  case  with 
azo-blue,  theu  the  intra-molecular  union  ia  broken  down  in  watery 
solvents.  These  results  of  Gillet  have  l>een  mentioned  to  intint  out 
the  importance  of  rememljering  that  dyes  in  alcoholic  solutions  may 
have  entirely  different  properties  than  when  dissolved  in  water,  and 
also  to  emphasize,  if  we  desire  to  study  the  effect  of  stains  offei-ed  in 
a  watery  solution  to  tissues,  that  we  should  examine  sections  in  water 
before  acting  on  them  with  alcohol. 


'  P.  Sialcy  :  Bet.  0*n.  dot  Mat.  Col.  4,  851  (igoo), 

•  E.  Knecht:  (bid.  iBa  (igoo). 

*  C.  Gillet :  ibid.  183-189  (.1900). 
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Gillet*  has  modified  Prud'homme's  plan  of  using  salicylic  and 
acetunilide  reagents  in  constructing  'artificial  fibres,'  because  these 
reagents  are  readily  soluble  in  water,  and  has  substituted  for  them 
naphthalene  derivatives,  in  particular  j8-nnpbthol  C,(jH.0Hj3  <see 
p.  388)  in  5  per  cent,  strengths  in  amyl-akohol.  This  reagent  has 
no  action  upon  aqueous  solutions  of  strongly  basic  dye  radicals  such 
as  fuchsin  (magenta),  methyl'violet,  or  safranin,  because  the  phejjol 
is  too  weak  an  acid  to  displace  those  which  are  joined  to  tlie  colour 
bases  of  theae  dyes. 

Naphtho]-/J  rosemblea  in  its  behaviour  cotton  rather  than  wool, 
as  it  extracts  the  fi-ee  colour  bases  from  their  arpieous  solutions.  It 
is  coloured  by  the  colour  bases  because  these  unite  with  the  phenol 
radical  to  form  salts:  Ci^H^O  +  colour  base,  which  latter  being  a 
stronger  kat-ion  replaces  the  hydrogen  kat-ion  of  the  uaphthol. 

Gillet  believes  Prud'homme  to  be  wrong  in  supposing  that  the 
dyeing  of  avooI  by  means  of  strongly  acid  dye  radicals  takes  place 
through  the  agency  of  the  sulphonic  acid  radical,  V>ecause  the  colours 
on  wool  ore  neither  produced  quickly  nor  are  they  *  fast.'  Ho  con- 
sidered (be  free  colour  acids  to  be  in  reality  feeble  basic  compounds, 
owing  to  the  azo  group  — N  =  N—  or=  N  — NH  — ,  but  it  has  been 
pointed  out  that  dihydroxy^-naphthalene  disulphonic  acid  is  also 
absorbed  Ity  wool  in  exactly  the  same  way  as  are  the  acid  azo-dyes, 
notwithstanding  the  fact  that  the  azo  group  is  absent  in  this  comi>oijnd. 

If  wo  siijipose  the  sulphonic  acid  radical  capable  of  being  split  off 
the  remainder  of  the  dye  molecule  by  means  of  free  sulphuric  acid, 
we  may  stUl  consider  the  dyes  as  1>asic  radicals.  Such  a  view  is 
supported  by  the  observation  that  the  presence  of  acid  in  the  wool 
is  necessary  to  bring  about  staining,  for  Knecht  showed  in  1888* 
that  wool  treated  with  sulphuric  acid  and  then  well  washed  in  water 
still  retains  a  certain  quantity  of  acid  in  combination  with  it.  When 
in  this  state  the  wool  dyed  even  more  rapidly  than  if  the  sulphuric 
acid  w'HH  merely  present  in  the  dye-bath,  an  observation  conlirmed  by 
the  beiiaviour  of  nucleic  acid  (see  p.  335).  (See  also  p.  365,  under 
acid  fuchsin.) 

Gillet's  view  that  the  so-called  acid  dyes  belonging  to  the  sulphonic 
group  are  in  reality  feeble  bases  is  supported  by  the  fact  that  the 
greater  tlie  number  of  sulphonic  radicals  there  are  present  in  the 
dye  molecule,  the  less  quickly  does  it  dye,  while  the  very  opposite 
should  hold  good  if  they  were  really  acid  dyes  joining  on  to  the  basic 
radical  of  the  wool. 

Nietzki  inclines  strongly  to  the  chemical  view.  In  the  last  edition 
of  his  Chemistrif  of  Orfjank  Dyes,  in  1901,  he  says:  'Certain  facts 
speak  for  the  view  that  the  unions  of  dyes  with  fibres  are  nothing 
but  salt-like  unions,  in  which  the  fibre,  analogously  to  an  amido^ 


>  Gillet :  Hev.  Gen.  des  Mat.  Col,  4,  305-7  (1900)  j  abstract  lu  J.  Soe.  Chem,  IndutL 
1 105  (Dec.  1900). 

'  £.  KnL'oht  :  '  CommuoicatioD  from  the  chemistry  and  djeing  dopartinent  of 
the  Bradford  Technical  College,' Jowrn.  Soc.  Dyeis  and  Colourisis  (1888),  pp.  104- 
107  ;  aud  Joum.  of  Soe.  Ckem.  Indust.  621-633  (Sept.  1888),     See  also  p.  451. 


y/EPP'S  OF  NIETZKI,  LEHMAN N,  HALLIT 


363 


acid,  plays  in  the  one  case  the  part  of  an  ncid,  in  the  other  case  that 
of  a  base.  Thus  rosanilin  in  the  fi)rin  of  ha  free  base  (carbiuol 
haso,  p.  42 1 1  is  colourless,  while  its  salts  are  coloui'ed.  If  on©  place 
in  the  colourless  solution  of  the  colour  base  a  skein  of  silk  or  wool 
and  then  heat  the  solution,  the  skein  will  be  staine<l  as  intense  a  red 
as  if  the  corresponding  amount  of  rosanilin  hydrochloride,  or  other 
roHanilin  stdt,  had  been  used.'  *Tlie  fibre  in  this  union  playa  the 
part  of  an  aeid.' 

*That  towards  a  colour  acid  the  fibre  may  play  the  part  of  a  base, 
may  be  shown  in  a  ver)'  instructive  manner  witli  the  quinoid  ethyl- 
ether  of  tetrabrom-phenol-phthalein  jp.  428).  This  ether  in  the  free 
state  is  pale  yellow,  and  dilute  solutions  appear  almost  colourless, 
while  its  alkali  salts  are  of  an  intensely  blue  colour.  If  one  acidify 
the  bine  solution  of  this  salt  with  acotif;  acid  till  it  has  become 
colourless,  a  skein  of  silk  may  be  stained  in  this  colourless  solution 
an  intense  blue.' 

As  further  many  free  colour  acids,  for  example  the  sulphonic 
acids  of  the  amidt^-azo  comjwunds,  possess  a  different  colour  from 
their  alkali  salts,  and  as  the  free  colour  acids  do  not  stain  iibres  with 
their  own  colour  but  that  of  their  alkali  salts,  it  follows  that  the 
fibre  must  play  the  part  of  a  base.  'As  a  rule  the  fibre  is  unable  to 
decompose  the  alkali  salts  of  strong  colour  aci<Is.  The  latter,  there- 
fore, only  stain,  if  by  the  addition  of  a  stronger  acid  tlie  colour  acid 
has  been  liljerated.' 

In  connexion  with  this  last  sentence  of  Nietzki's,  I  have  to  point 
out  tbut  dyes  which  are  not  pseudo-compounds  (see  p.  189)  are  dis- 
sociated elocti'olyticaUy  in  watery  solutions,  but  that  the  tissues  l^eing 
pseudo-compounds  aro  not  dissociated.  Therefore  the  addition  of 
acids  leads  to  the  partial  electrolytic  dissociation  of  the  tissue,  and 
thus  enables  its  iooa  to  come  into  relationship  with  the  coloured  ions 
of  the  dye. 

LohmaoQ  states  that  crystals  stain  nmre  deeply  than  the  mother 
li<|uor  (which,  of  course,  is  due  to  a  differencu  in  the  coefficient  of 
distribution),  but  also  that  the  dyes  in  some  way  participate  in 
the  formation  of  the  crystala  because  metachromatic  effects  aro 
produced.  As  further  different  suriaces  of  a  crystal  may  show 
varying  atfinities  for  the  same  dye ;  as  certain  dyes  increase  the 
power  of  ci-ystallization  ;  as  two  dyes  together  will  stain  when  either 
of  them  taken  individually  will  fail  to  do  so ;  as  only  certain  dyee 
are  taken  up  by  certain  crystals,  and  as  the  staining  can  be  used  for 
chemical  analysis,  it  is  ditlicult  to  arrive  at  any  other  conclusion  but 
that  staining  is  a  chemical  procesa 

Professional  dyers  are  in  the  habit  of  adding  to  dye-baths,  in  addi- 
tion to  acid,  sodium  sulphate  in  different  proportions  so  «a  to  procure 
*  level '  or  even  staining. 

Hallit '  has  investigated  the  action  of  sodium^  sulphate  as  Tvell  as 

■  Hallit  :  J,  Soe.  Dyan  and  CbAmn'ad,  10,  30  (1899) ;  abstract  in  /.  80c  Chem. 
Jwiuitriii,  368-370  (;i899). 
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that  of  sulphuric  acid,  and  has  also  mado  experiments  with  free 
colour  acids  instead  of  the  colour  acid  salts  usually  employed. 

He  finds  that  sodium  sulphate,  as  an  assistant  to  sulphuric  acid  in 
dyeing  wool  with  acid  dyes,  does  not  act  by  raising  the  boiling-point 
of  the  bath  nor  by  improving  the  state  of  susj^nsion  of  the  dye« 
Fifty  per  cent,  sodium  sulphate  extracts  acid  colours  more  readil;^ 
than  pure  water  or  5  per  cent,  sulphuric  acid.  He  therefore  holds 
that  the  'levelling'  action  of  the  sodium  salt  is  due  to  its  power  of 
extracting  the  dye  more  readily  from  those  areas  where  it  has  been 
deposited  in  excess,  and  that  it  does  so  by  breaking  down  the  chemical 
compound  which  dyes  form  with  water.  This  dye  +  water  compound 
can  be  completely  decomposed  by  adding  sufficient  sodium  sulphate, 
as  then  the  dye,  having  been  rendered  insoluble,  is  precipitated. 

The  definite  state  of  equilibrium,  which  at  the  end  of  the  dyeing 
process  is  arrived  at,  is  due,  on  the  one  hand,  to  the  attraction 
between  the  dye  radical  and  the  fibre,  and  on  the  other  hand  to  the 
solvent  action  of  the  exhausted  dye-bath  on  the  dye  already  fixed  on 
the  fibre.  This  rRsult  is  brought  about  by  the  laws  of  chemical 
equilibrium  in  dilute  solutions,  according  to  which  *  two  acids  present 
in  equiv.alent  quantities  in  solution  containing  any  salt,  the  base  of 
which  is  insufficient  for  both,  will  each  secure  a  proportion  of  the  base 
corrpsponding  to  their  respective  avidities.' 

These  relative  acid  avidities  or  intensities  are  for 


Hi/dr<ichIoric  acid. 

I  : 


Sulphuric  acid. 

0-49 


Oxalic  acid. 
0-24 


Acedc  acid. 
003 


Thus  in  the  acid  dye-bath  containing  sulphuric  acid  and  a  colour 
Bait,  both  the  sulphuric  acid  and  the  colour  acid  will  compete  for  the 
sodium  base.  '  On  introducing  yam  into  the  dye-bath,  both  the 
colour  acid  and  the  sulphuric  acid  are  partially  absorbed  and 
neutralized  by  the  fibre,  the  colour  acid  in  larger  amoimt  than  the 
sulphuric  acid.  In  consequence  of  this,  the  interaction  between  the 
remaining  colour  salt  and  the  sulphuric  acid  proceeds  a  step  further, 
more  colour  acid  being  set  free  and  being  absorbed  by  the  yarn.* 
This  process  would  go  on  till  practically  tlie  whole  of  the  colour  acid 
had  been  taken  up  Vjy  the  yam.  if  it  were  not  for  the  fact  that  the 
dye  in  the  yarn  is  still  exposed  to  the  solvent  action  of  the  exhausted 
dye-bath. 

Dyes  with  strongly  acid  elements,  such  as  the  nitro  and  sulphonic 
acid  radicals  (p.  184),  stain  most  evenly  and  exhaust  tlie  dye-bath 
least  because  they  resist  the^  rapid  dLsplacement  of  their  salts  by 
sulphuric  acid. 

Not  only  is  the  more  intense  colour  acid  lil>erated  more  slowly 
from  its  base  and  therefore  dyeing  made  more  gradual,  but  tlie 
staining  does  not  proceed,  bo  far  as  regards  intensity,  because  of  the 
solvent  action  of  the  dye. 

Sulphuric  acid  is  said,  on  boiling,  to  Ijo  neutralized  by  wool  to 
a  greater  extent  than  other  acids,  and  therefore  to  act  less  intens«^ly 
as  a  solvent  for  the  dye  already  fixed  in  the  fibre,  because,  having 
*>'*en  taken  up  by  the  fibre,  its  total  mass  is  of  course  diminished. 
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HaDit,  on  ezpenaMoiii^  viA  fkm  firm  ealoor  aads  nuki  2B, 
orang«>  O,  cardinal-red,  fimd  ttat  llMy  dj«  wool  -vacy  fiiAiy  iadMd^ 

but  after  the  additioa  of  3  per  eent.  solpliiirie  add  or  e^pdvalciit 
amoantft  of  hTdrochlorie  aod,  tb«  djeing  proceeds  in  the  same  way 
as  if  colour  salts  were  present.  It  fcJlowa  that  it  is  not  anfiBc^nt  for 
dyeing  purposes  to  hare  a  &e«  colour  acid  present,  Imt  there  nmst 
also  be  present  some  aasisttng  factor,  such  as  mineral  acids,  which  by 
acting  on  the  wool-fibre  prepare  the  latter  to  receive  the  acid  dye- 
radicaJ. 

Add  fuchsin,  in  a  watery  solution,  is  nndoubtedly  an  acid  dye 
owing  to  the  presence  of  the  SO^OH  radical,  the  hydrogen  kat-ion  of 
which  is  replaceable  by  stronger  kat-ions.  But  doee  acid  fuchsin  re- 
main a  colour  acid  on  the  addition  of  sulphuric  acid  ?  There  is  strong 
evidence  tluit  it  does  not.  Gillet  (p.  361)  was  the  first  to  point  out 
that  colour  acids  behave  as  feeble  bases,  and  this  I  believe  is  due 
to  the  fact  that  by  the  addition  of  sulphuric  acid  to  the  staining 
solution  the  acid  fuchsin  (composed  of  basic  fuchsin -i- a  sulphonic  acid 
radical  -f  sodium)  dissociates  primarily  into  the  kat-ion  radical  Na 
and  the  an-ion  radical: — basic  fuchsin -f sulphonic  acid, — and  that 
secondarily  this  anion  still  further  dissociates  into  the  baaie  fuchsin 
kat-ion  and  the  sulphonic  acid  an-ion. 

Owing  to  this  dissociation  having  taken  place  the  basic  fuchsin 
may  link  on  to  acid  radicals  in  the  tiasae,  and  thus  IHscher  is  using, 
in  reality,  a  t*asic  dye  when  he  ataina  nucleic  acid  by  means  of  a 
solution  containing  both  acid  fuchsin  and  sulphuric  acid. 

My  own  riews  as  to  stainii^  have  already  been  given  when 
criticizing  the  views  of  others,  but  a  short  r^um4  may  be  useful. 
Befure  discussing  whether  chemical  or  physical  factors  are  at 
work  in  staining  the  question  must  be  asked,  Is  there  any  differ- 
ence between  chemistry  and  physics?  There  is  not.  Frankland 
used  to  teach  that  chemistry  is  but  a  branch  of  physics,  and  the 
whole  recent  development  of  cbemietry  points  to  the  importance  of 
studying  chemical  interaction  apart  from  those  conditions  where 
substances  join  in  definite  molecular  propc^rtions.  Even  adsorption 
(P*  331  )>  ^hich  is  perhaps  the  best  example  of  physical  action,  has 
certain  resemblances  to  chemical  action,  for,  according  to  Ostwald, 
Bubstanoes  under  certain  conditions  are  taken  up  in  definite  pro- 
portions ;  further,  the  more  complex  a  substance,  be  it  liquid  or  gas, 
the  more  readily  it  is  absorbed,  and  not  only  are  certain  substances 
condensed,  for  example  on  carbon,  but  others  are  actually  expelled  or 
kept  out. 

What  must  take  place  when  a  body  is  adsorbed  and  stored  in 
quantities  larger  than  those  in  which  it  is  present  in  the  sohition,  is 
a  lessening  of  its  osmotic  power  by  the  adsorptive  agent.  This  effect 
may  be  due  to  a  squeezing  together  of  the  individual  molecules  itwing 
to  surface  tension,  as  in  the  case  of  formation  of  mechanical  coagula 
(p.  50) ;  or  it  may  he  that  the  adsorbent  matter  exerts  the  same 
influence  in  condensing  a  substance  as  doee  an  electrolyte  in  pro- 
ducing coagulation.    According  to  the  latter  view  there  is  established^ 
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during  adsoiption,  an  electric  field  in  the  adsorbing  medium  owing  to 
the  strain  the  adsorbed  matter  is  subjected  to  when  it  adapts  itdelf 
to  the  surface  of  the  adsorptive  agent. 

Again,  on  theoretical  lerrounds,  a  physico-chemical  staining  along 
the  linea  of  Krafft's  colloidal  theory  is  easy  to  understand,  for  nucleic 
acid  and  nucleins,  because  of  their  acid  reaction,  may  have  Iho  same 
effect  on  the  precipitation  of  colloidal  dyes,  in  an  insoluble  form, 
as  has  tlie  addition  of  acids  to  soap  ^  On  the  other  hand  a  direct 
chemical  union  between  the  compounds  mentioned  cannot  be  ex« 
eluded. 

This  matter  has  been  gone  into  to  make  the  reader  realize  that  hard 
and  fust  lines  cannot  be  drawn  between  chemical  and  physical  action. 

Gierke,  Fischer,  and  Laurent  explain  all  their  results  as  due  to 
adsorption,  or  due  to  differences  in  the  rale  of  diffusion  ;  Hofmeister, 
V.  Georgievics,  Rawitz,  and  Spiro,  as  due  to  diffei-ences  in  the  coefficient 
of  distribution  ;  Krafft,  and  after  him  Zacharias  (Athens),  to  the 
behaviour  of  colloid  solutions ;  whiJe  Mioscher,  Knecht,  Ehrlich, 
Unna,  E.  Zacharias,  Lilienfeld,  Heine,  Mathews,  Gnehm,  Bootheli^ 
Nietzki,  Prud'bomme,  Gillet,  and  I  Ijelieve  that  in  addition  to  the 
physical,  also  chemical  factors  come  into  play. 

That  under  certain  conditions  differential  staining  Viy  purely 
physical  means  may  be  brought  about,  especially  if  mixtures  of  basic 
or  acid  dyes  are  chosen,  has  already  been  shown. 

That,  either  accompanying  the  physical  staining  or  quite  apart 
from  it.  true  cliemieal  staining  is  not  only  possible  but  actually  does 
occur,  1  have  pointed  out  in  criticizing  the  views  of  Fischer. 

When  on  the  basis  of  macro-chemical  knowledge  we  discuss  the 
micro-chemical  action  of  stains,  we  have  to  l>ear  in  mind  what  pre- 
vious treatment  the  tissue  has  undergone,  whether  it  was  allowed  to 
coagulate  or  whetlier  coagulation  was  prevented.  Thus,  Ehrlich's 
method  of  drying  films  spontaneously,  and  then  rendering  them 
insoluble  by  heat  (p.  143),  or  Altmann's  method  of  freezing  tissues, 
dehydrating  them  at  a  low  temperature,  and  impregnating  them  with 
paraffin  when  quite  dry  (p.  143),  are  ideally  the  Ijest  methods  for 
micro-chemical  research,  l>ecause  coagulation  is  prevented. 

The  nest  best  method  is  fixation  by  non -electrolytes,  which  act 
physically,  as  does,  for  example,  alcohol,  because  with  most  tissues 
such  treatment  amounts  essentially  to  dehydration,  if  the  alcohol  \ye 
not  allowed  to  act  too  long.  All  these  fixing  methods,  by  preserving 
the  tissues  in  a  '  normal '  state,  allow  us  to  study  and  to  control  the 
effect  of  staining  reagents  by  knowledge  gained  macro-chemically. 

It  is  different  when  we  have  employed  non-electrolytes,  forming 
additive  compounds  such  as  formaldehyde  and  osmium  tetroxide. 
The  former  of  these  is  by  no  means  a  reagent  which  can  be  regarded 
as  indifferent  to  stains,  as  held  by  Fischer  and  Laurent,  for  Ehrlich 
has  shown  that  the  diraothyl-amido-bouzaldehyde  reaction  (p.  298) 
does  not  take  place  with  cartilage,  if  the  latter  has  l>een  fixed  in 

^  This  view  seems  to  be  oonfirmed  b^  the  coagulation  ezperiments  of  Heidea^ 
hain  (pp.  453-459). 
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formaltlehycle  J  and  quit«  apart  from  tlus  the  formic  acltl  usually 
prpsfnt  acts  on  the  pfseudo-ltases,  converting  thorn  into  triip  bases. 

Still  more  difUcult  is  it  to  apply  i>liysiological  knowleilge  gained 
I>y  acting  on  tissues  niacro-cheiuically  to  tissues  fixed  by  elect rolytes. 
Thus  sublimate  sectioua  by  treatment  with  iodine  can  have  the 
sublimate  removed,  but  iodine  radicals  are  substituted,  and  these, 
■when  removed  by  alkalies,  as  I  have  seen  some  histologists  do,  leave 
the  tissue  in  an  unknown  state,  perchance  to  be  coagulated  again  by 
alcohol  or  dissociivted  by  water. 

Notwithstanding  the  fact  that  I  feel  intensely  the  difficulties  we 
have  to  encounter  in  all  histological  work,  I  yet  believe  macro- 
chemistry  to  have  certain  fumdamental  facts  in  common  with 
micro-chemistry,  and  this  belief  will  justify  chapter  xxii,  on  the 
chemistry  of  some  tissue  constituents.  If  certain  organs  macro- 
cbemically  are  rich  in  nucleic  or  cbondro-sulphuric  acid,  and  thesd 
very  same  organs  mtcro*chemically  show  an  affinity  for  basic  dyes, 
as  do  for  example  nucloi,  cartilage,  and  mucus,  we  cannot  arrivt-  at 
any  other  couLdusion  than  that  chemical  union  has  taken  place  in  our 
sections  between  the  acid  tissue  component  and  the  colour  base. 
Again,  if  albumin  reacts  towards  nucleic  acid  Jis  a  base,  forming 
nucleiusj  why  should  we  scorn  the  idea  that  an  analogous  chemical 
union  takes  place  l>etween  it  and  a  culuur  acid? 

To  l>e  able  to  explain  all  staining  by  physical  means  is  possible, 
but  to  sjiy  that  therefore  it  must  take  place  in  this  way  is  impossiVde. 

The  conce[>tion  I  have  formed  of  precipitated  proteids  is  that  each 
component  molecule,  in  addition  to  adhering  probably  only  physically 
to  its  neighbour,  is  still  endowed  with  a  number  of  side-chains,  which 
are  unsatisfied  after  the  removal  of  the  fixing  reagent,  and  which, 
under  suitable  conditions,  may  attract  towards  themselves  colour 
radicals  of  the  opposite  electrical  sign.  Thus,  for  example,  a  tissue 
side-chain  may  be  a  sufficienlly  strong  kat-ion  to  combine  with  the 
an-ion  i*adical  CjHjO.tNOj),  of  picric  acid,  and  the  unsatisfied  nucleic 
acid  radic4il  in  nucleins  may  withdraw  the  kat-ion  mcthylene-blue 
from  its  an-ion  chlorine.  Thus  d5'os  and  tissue-molecules  can  adhere 
chemically  to  one  another  by  their  side-chains. 

1  do  not  think  it  far-fetched  to  assume  that  these  side-chains  are 
comparable  to  pseudopodia  of  an  amoeba  or  the  tentacles  of  a  hydra  ; 
for  just  as  the  latter  are  directed  by  chemotaxis  in  certain  directions, 
BO  do  I  hold  that  side-chains  are  able  to  exert  their  ow*n  chemical  in- 
fluences when  released  from  tlieir  intra-molecular  combinations  imder 
conditions  of  special  chemical  stress. 

The  chief  factor  in  liberating  the  aide-chains  Ls  moisture,  for 
anhydrous  tissues  do  not  stain  tp.  198),  and  it  b  for  this  reason  also 
that  I  believe  alcohol  is  a  much  better  extractive  of  dyes  than 
water,  as  by  acting  on  the  side-chains  of  both  the  tissue  and  the  dye 
it  dluiinishes  their  mutual  chemical  affinity  (see  however  p.  451). 

That  tissues  require  to  l>e  coagulated  or  rendered  firm  before 
permanent  staining  is  possible  has  been  pointed  out  rei>eutedly,  the 
probable  reason  being  that  otherwise  the  proteid  molecules  become 
dissociated  in  the  watery  media,  owing  to  the  action  of  the  water 
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and  the  action  of  the  ions  derived  from  the  dyes.  Instead  of  having 
the  dye  drawn  towards  the  tissue,  the  tissues  will  dissolve  in  the 
dye-bath  (see  also  p,  198), 

Each  side-chain  must  be  imagined  to  have  its  own  sphere  of  in* 
fluence,  and  if  many  are  placed  together  the  total  effect  is  quite 
diffiarent  from  what  it  would  be  if  they  were  separated  ;  and  there- 
fore it  follows  that  a  rigid  system,  namely  the  coagulated  proteid, 
will  attract  suitable  dyes  by  its  unsatisfied  side-chains,  which  are  held 
together  by  the  rest  of  their  molecules  having  united.  It  is  want  of 
chemical  tension  which  prevents  methyl-violet^  for  example,  from 
being  taken  up  completely  from  veiy  dilute  watery  solutions  by 
gelatin,  qui  to  apart  fx'om  the  fact  that  no  chemical  interaction  goes 
on  to  completion. 

It  was  pointed  out  (p.  329)  that  the  coefficient  of  distribution  for 
succinic  acid  between  ether  and  water  is  as  6:1,  and  it  follows 
according  to  the  Jaws  given  above  that  this  acid  cannot  bo  in  the 
same  physical  state  in  the  ether  as  in  the  water.  It  is  generally 
assumed  that  the  substance  aggregates  into  bigger  molecules,  or  that 
it  polymerizes  in  that  solution  in  which  it  ilevelops  the  least  osmotic 
pressure,  or,  what  amounts  to  the  same^  in  which  it  is  more  soluble. 

As  iodine  dissolved  in  different  menstrua  shows  a  variety  of 
colours  owing  to  its  molecules  being  in  different  states  of  aggregation, 
so  do  certain  dyes  stain  wool  differently  from  cotton.  There  is  thus 
produced  a  metachromatic  effect,  a  phenomenon  which  also  holds 
good  for  many  histolugical  stains  such  as  kresyl-violet,  methyl-violet, 
safranin,  toluidin-blue,  and  azo-blue. 

From  the  metachromatic  effects  we  may  reason  that  tissues  stain- 
ing  differently  have  different  chemictil  natures,  but  no  more,  because 
iodine  with  alcohol  gives  a  brown  colour,  but  it  dissolves  with  a 
violet  tint  not  only  in  chloroform,  but  also  in  carbon  bisulphide. 

Fischer  has  endeavoured  to  explain  all  metachromatic  effects  as 
due  either  to  impurities  in  the  stain  (methyl-violet  in  methyl-green, 
P.  Ma\'er),  or  due  to  the  'ripening'  of  solutions  (methylene-red  in 
old  alkaline  methylene-blue  solutions,  Unua,  p.  405) ;  or,  as  in  the 
case  of  haematoxylin,  on  the  theoiy  of  acid  indicators*.  *Just  as 
methyl-orange  shows  a  colour  change  on  passing  from  the  state  of 
the  ctimltined  molecule  {red!  into  the  free  state  of  an  ion  (yellow),  so 
will  hitemateic  acid  give  an  analogous  colour  change  from  blue  io 
red  (free  ion).  Or  it  may  be  a  pluri-bnsic  acid  which  is  colom^ 
differently  in  its  acid  salts  from  what  it  is  in  its  neutrjil  state.'  To 
get  the  chloro-plattnous  precipitate  of  nucleic  acid  stained  in  haema- 
toxylin  to  change  from  red  to  blue,  required  one  hour's  washing. 
'  That  the  red  "  acid  "  calour  disappears  also  here  completely,  is  the 
best  proof  of  the  purely  physical  part  played  by  nucleic  acid.* 

It  must  be  remembered  that  there  is  always  sufficient  alkali 
present  in  running  water  to  turn  liaematein  (haematoxylm)  Idue. 

The  t\vo  first  'exjilanations'  of  Fischer  are  not  explanations  at  all, 
08  it  is  self-understood  that  mixtures  of  dyes  will  stain  different 

'  Ostwald  :  Die  wisaenaehnfllichen  OntntBagen  d.  anaJytitchen  Chcmie,  104  (1894) ;  imd 
Lekrbuch  d.  aOgem.  Chemie^  I,  799  (1891).  ' 
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elements  flifferently,  either  physically  or  chemically.  As  i^gards 
tiie  conipurison  with  Hcid  indicators  I  cannot  follow  Fischer,  for,  in 
tlie  first  instance,  we  do  not  know  that  blue  litmus  is  not  dissociate>d, 
while  red  litmus  is  ;  and,  secondly,  when  the  *  red  '  passes  into 
'orange*  methyl-orange,  or,  necording  to  Fischer,  when  an  electrolyte 
dissociates,  he  assumes  that  no  chemical  action  takes  place,  a  view 
which  is  quit-e  untenable.  If  water  causes  dissociation,  and  thereby 
prcjduces  a  colour  change,  we  know  it  to  act  chemically,  and  why 
should  we  deny  chemical  activities  to  tissues,  knowing  the  great 
numlier  of  acid  and  basic  pnncij)les  present  in  the  cell?  (See  eh.  xxii.) 

The  chief  factors  which  influence  staining  are  summarized  in  the 
following  table  t— 

A.  Fixative. 

L  Physical  considerations: 

to)  Spontaneous  drying, 
(&)  Alcohol, 
{c)  Heat  (?). 
II.  Chemical  considerations : 
{a)  Non  -elect  roly tes : 

|i)  AldehydeSi, 

(2j  Osmium  or  ruthenium  tetroxidee. 
{h\  Electrolytes: 

(i)  Acids, 

(2)  Bases, 

(3)  Salts: 
(a)  Neutral, 
091  Acid, 
(yl  Basic 

(c)  Mordants. 

((f)  Non-murdants  (?). 

B.  Tissue. 
I.  Physical  considerations : 

{a)  |ol"'>iJity  I  According  to  the  nature  of  the  solwnt 

f   l^'^fy         of  the  dye. 
(c)  Moisture    )  •' 

n.  Chemical  considerations  : 

(a)  Has  the  state  existing  before  fixation  been  pre- 
served as  regards 
(I)  Organic  constituents : 

(a)  Pseudo-acids  or  pseudo-base^, 
(/3)  Real  acids  or  bases  ; 
(a)  Presence  of  inorganic  salts? 
{h\  After  hxation  with  chemically  active  reagents 
(i)  Has  the  lixative  been  removed? 
t2)  Does  it  act  as  mordant  for  the  dye  ? 
(3)  What   are   the  effects   of  secondary  and 
tertiary  mordanting? 
(c)  What  radicals  show  an  affinity  for  stains?    Can 
the  Ussue  cause  a  coagulation  of  the  dye  ? 
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C.  Stain. 
I.  Physical  considerations : 

[a]  Solubility  in  different  solvents ;  coagulability  by 

tissue-conatituents. 
(h)  Diffusibility  depending  on  size  of  molecules. 

(c)  Saturation  or  concentration  (osmotic  pressure). 

(d)  Fastness  of  physical  union  dependent  on  the  size 
of  the  dye  molecule  and  the  pores  of  the  tissue. 

(e)  The  '  covering  power  *  by  which  one  dye  hides 
another  one  to  our  eyes. 

II.   Chemical  considerations : 
(a)  Non-electrolytes  : 

(i)  Oxy -compounds, 

(a)  Pseud o-eompounda, 
(6)  Electrolytes  (the  amount  of  dissociation)  : 

(i)  Colour  acids, 

(2)  Colour  bases, 

(3)  Colour  salts. 
{c)  Wliat  radicals  show  an  affinity  for  tissues? 
{d)  Does  the  dye  react  with  the  tissue  directly  ? 
[e]  Does  the  dye  combine  with  the  mordant  ? 

(/)  Is  differentiation  required  or  not? 
{g)  Is  the  chemical  union  '  fast '  ? 

D.  Solvent  of  the  dye.     Ita  effects  on  the  mordant,  the  tissue  am 
the  dye, 

I.  It  is  neutral  to  litmus  paper : 

{a]  Water, 

(6)  Alcohol, 

(c)  Acetone, 

{d)  Glycerin. 
II.  It  is  acid,  due  to  acid  accentuators  (p.  213). 

III,  It  is  basic,  due  to  basic  accentuators  (p.  212). 

IV.  The  dyes  by  the  addition  of  other  salts,  such  as  sodium 

sulphate,  are  on  the  point  of  precipitation. 

E.  Temperature. 

F.  Time. 


In  conclusion  the  object  of  staining  may  be  stated  to  be — 

1.  To  help  us  in  determining  morphological  facts.  In  this 
all  methods,  no  matter  whether  physical,  chemical,  or  ph] 
chemical,  are  justiiied. 

2.  To  recognize  micro-cheuiically  the  existence  and  distribution  of 
substances  which  we  have  been  made  aware  of  by  macro-chemical 
means.  It  is  not  sufficient  to  content  oui-selves  with  using  acid 
and  basic  dyes  and  speculating  on  the  basic  or  acid  nature  of  the 
tissues,  or  to  apply  colour  radicjils  with  oxidizing  and  reducing 
properties;  but  we  must  endeavour  to  tind  staining  reactions  which 
will  indicate  not  only  th&  presence  of  certain  elements  such  as  iron 
or  phosphorus,  but  the  presence  of  organic  complexes  such  as  the 

'Carbohydrate  group,  the  nucleius,  protamins,  and  others. 


CHAPTER  XXV. 

How   TO   RENDER   PREPARATIONS   PERXAKEITT. 

On  o]«)«ninK  ulidoB  and  poTer-gliu*aea  ....         p.  371 

On  fixing  sections  to  slidcfl p.  373 

On  mounting  sections        .         .         t        .         .        .         .         p.  376 

On  cleaning  Slldefl  and  Cover-glasses. 

Olabs  is  a  mixture  composod  of  thn  silicates  of  nlkalies  (polasli 
and  Boda)  and  alkaline  earths  (calcium),  nnd  contains  in  addition 
usually  aluminium  and  iron,  and,  if  flint-gliiss,  also  lead.  The  Bili- 
cat<?8  of  tho  alkalies  aro  non-crystalline  and  readily  soluble  in  water, 
while  those  of  the  alkaline  earths  are  crystalline  and  are  readily 
dissolved  by  acids ;  Init  when  these  two  different  kinds  of  silicates 
occur  together,  as  they  do  in  f2;^1as«i,  they  seem  to  mutuially  protect 
one  another  to  a  considerable  degree. 

Notwithstanding  this  protection,  glass  constantly  undergoes  de- 
composition, the  alkaline  silicates  separating  out  and  forming  a  coat 
on  the  surface  of  the  glass,  as  is  most  readily  shown  by  Mylius'  test 
(p.  214). 

Because  of  the  alkaline  silicates  separating  out  it  is  necessary  to 
thoroughly  clean  both  slides  and  cover-glasses.  Jenner  gives  the 
following  directions:  (1)  Clean  cover-glasses  by  throwing  them  singly 
into  500  cc.  of  boiling  water,  and  let  them  boil  for  half  an  hour; 
then  move  them  about  in  ordinary  sulphuric  acid,  one  at  a  time. 
by  holding  each  cover-glass  with  a  pair  of  forceps ;  rinse  in  several 
changes  of  distilled  water;  transfer  to  absolute  alcohol  till  the  whole 
number  of  cover-glasses  have  passed  through  the  sulphuric  acid 
bath  ;  drj'  the  cover-glasses  with  a  perfectly  clean  linen  Imndker- 
chief,  and  keep  them  dr>'  under  a  b<^lljar  (see  also  p.  374). 

I  have  adopted  the  following  plan : 

In  a  solution  containing  i  per  cent,  of  chromic  and  sulphuric 
acids  slides  are  left  fur  at  least  one  hour,  and  cover-glasses  for  ten 
minutes  ;  then  they  are  rinsed  in  distilled  water  to  remove  the  acids, 
and  dried  with  a  clean  clotlu 

A  cover-glass  after  treatment  with  acids  is  much  more  brittle,  and 
is  best  cleaned  by  being  placed  on  a  piece  of  clean  paper,  as  I  first 
saw  Carlier  do,  or  on  American  cloth  ',  being  subse^^uently  rubbed 
with  a  clean  handkerchief. 

To  clean  slides  containing  balsam  preparations,  heat  the  slide 
Dver  n  Bunsen  burner  till  the  cover-glass  can  be  pushed  off  with 
a  blunt  instrument ;  allow  the  cover-glass  to  fall  into  a  vessel  con- 
taining a  strong  and  hot  solution  of  Hudson's  soap,  and  place  the 

'  American  cloth,  'which  was  recommended  to  me  some  yoAra  ago  (I  foiyet  bj 
whom),  haa  this  advantage,  that  the  cover-glaaa  li«a  firmly  on  it  without  having 
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sliJe  in  a  similar  solution.  Boil  the  slides  for  ten  minutes,  and 
then  rinse  them  in  clean  water ;  if  necessary,  atld  some  more  soap 
and  boil  up  once  more.  Finally,  treat  the  slides  as  indicated  above 
with  the  chromic  and  sulphuric  acid  mixture. 

On  fixing  Paraffin  Sections  to  Slides. 

To  enter  fully  into  all  the  methods  which  have  been  described  for 
fixing  sections  to  slides  is  impossible. 

G-aole,  in  1881,  wan  the  first  to  cover  a  slide  with  spirit :  to  float 
sections  on  the  spirit ;  to  flatten  them  by  gently  heating  the  slide ; 
to  allow  the  alcohol  to  evaporate ;  to  cover  the  sections  with  a  cover- 
glass  to  prevent  them  shifting,  and,  finally,  to  remove  the  paraffin 
with  xylol. 

PauJ  Mayer,  in  1883,  used  egg-white  as  a  fijtative  for  paraffin 
sections.  His  solution  is  made  by  thoroughly  mixing  together 
50  ec,  of  ega-white,  50  cc.  of  glycerin,  and  i  grm.  of  sodium 
salicylate,  and  then  filtering  into  a  clean  flask.  \Vhen  required  it 
is  spread  out  on  the  slide  in  a  very  thin  layer  by  rubbing  the  slide 
with  a  clean  finger  \  It  is  an  excellent  fixative,  but  does  not  allow 
of  crunapled  sections  being  spread  out  as  evenly  as  can  be  dune  by 
Gulland's  method,  and  has  the  further  disadvantage  that  stained 
sections  cannot  be  mounted  directly  in  balsam  after  the  removal  of 
tlio  parafiin,  because  the  glycerin  would  cause  opacity.  Therefore 
it  is  essential  first  to  remove  the  glycerin  with  absolute  alcohol^ 
then  to  clear,  and  finally  to  mount  in  balsam. 

Born  and  Wieger  introduced  quince-jelly  for  fixing  paraffin 
sections  to  slides.  They  used  quince-jelly  of  the  German  Pharmaco- 
poeia 2  parts,  and  glycerin  i  part.  It  owes  its  adhesive  propertMB 
to  a  gum-like  substance  called  baasorin. 

Frenzel '  used  to  fix  sections  with  gum  arabic  prepared  in  this 
way ;  To  a  dilute  watery  solution  of  gum  a  watery  solution  ol 
chrome  ahun  and  a  little  glycerin  and  alcohol  were  added.  Slides 
were  covered  with  this  mixture,  and  the  sections  pressed  against  the 
gum  mixture  with  a  brush.  The  slide  was  then  heated  up  to  the 
melting-point  of  the  paraffin,  and  kept  for  fifteen  mintites,  not 
longer,  at  a  temperature  of  from  30  to  45^^  C,  to  render  th©  gum 
insolul>le. 

Gulland,  in  1891,  flo.ited  paraffin  sections  on  warm  water  (or 
alcohol) ;  immersed  a  slide  in  the  water,  arranged  the  sections  on 
the  slide,  and  let  the  water  evaporate  spontaneously.  If  the  slides 
are  clean,  sections  fixed  in  sublimate  will  adhere  firmly,  while 
bichromate  and  osmium  sections  have  a  tendency  to  float  off  when 
placed  in  water. 

Author's  Method  of  albuminizing  Slides. 

This  fact  led  me,  in  1892,  to  disbelieve  in  the  theory  which 
attributes  the  adhesion  of  the  sections  to  capillary  attraction.     The 

'   Lee  nnd  Mayor  :   Grundsiige  rf.  mikr.  Techmk  (1898).  p.  118. 

•  Born  and  Wieger  :  Zeitach.f.  wias.  Mikr.  2,  346  (,1885). 

*  Frenzel  :  Arch./,  mikr.  Anat.  26j  51  (1885^. 


AUTHOR'S  METHOD  OF  ALBUMINIZING  SLIDES     373 

true  pxplqnalion  seems  lo  bo,  that  both  bichromate  and  osmium 
trioxiile  roudt^r  tissues  insoluble,  while  sublimate  tissues  are  readily 
soluble  in  water,  eapeHsially  if  free  salts  be  present.  Applying  this 
tljeory  to  practice,  the  itlea  suggested  itself  to  me  to  supply  a  very 
thin  hiyer  of  albumin^  which  would  jict  as  a  cement.  I  therefore 
dilute  the  white  of  one  epg  (30  cm. I  up  to  300  cm.  with  diatilled 
wat«r,  shook  the  mixture  vigorously  for  live  minutes,  and  then 
filtei'ed  the  solution  twire  through  the  same  tilter-paper.  This  weak 
solution  answers  well  fur  sublimate  sections. 

A  number  of  slides  are  coated  on  one  side  with  the  albumin 
sohttiou  by  immersing  one  slide  in  the  solution,  and  drawing  it  over 
oue  side  of  a  clean  slide.  The  albuminized  slides  are  then  arranged 
vertieully  against  a  ledge,  the  albuminized  suii'ace  looking  towards 
the  siip^iort,  to  prevent  dust  settling  on  the  albumin,  while  the  super- 
fluous egg-white  is  sucked  up  by  the  filter-paper  on  which  the  slides 
stand.  When  dry,  the  slides  are  packed  int<^  parcels  <.if  ten  or 
twenty,  and  are  stcjred  in  an  incubator  to  keep  them  dry. 

Method  of  using  Albuminized  Slides. 

Float  the  piiraflliti  sections  on  water  heiit«>d  from  40-45°  C.,  if  the 
melting-point  of  the  paratHn  is  52  to  56  C.  till  they  are  quite  tint ; 
breathe  on  the  albuminized  slide,  when  that  side  containing  the 
albumin  will  remain  clear;  immerse  the  slide  in  the  water  on  which 
the  sections  flout,  arrange  them  on  the  albuminized  side,  and  gently 
witlidraw  the  slide.  To  allow  the  water  to  eva)K)rate  rapidly  jdace 
the  slide  in  an  incubator  heated  up  to  ten  degrees  below  the  melting* 
point  of  the  |>araltin,  or  use  u  copper  table  or  support  heated  up  by 
a  gas  flame  as  first  practised  by  G.  Born  (1888), 

Instead  of  floating  the  sections  on  water,  tlie  following  plan  may 
be  adopted  ;  Place  the  glaas  slide  on  the  warm  support,  then  drop 
a  suflicient  quantity  of  water  on  the  slide  to  cover  it.  and  lay  the 
sectimis  on  llje  water.  As  soon  as  the  sections  have  become  quite 
flat,  allow  the  su{>erfluouB  water  to  drop  ofl^,  and  lay  the  slide  again 
on  the  warm  table.  In  Ave  to  ten  minutes,  after  the  paraflin  sections 
have  become  quite  dry,  dissolve  off  the  paraffin  with  xylene  while  the 
slide  is  still  warm. 

If  the  sections  are  stained,  a  few  drops  of  Canada  balsam  are 
placed  on  them,  and  the  cover-glass  is  adjusted  ;  if,  however,  staining 
is  contemplated  remove  the  sylene  with  alcohol,  and  the  latter  with 
water.  Sublimate  sections  should  now  for  ordinary  work  be  treated 
with  a  t  per  cent,  of  sodium  chloride,  or  with  iodine  potassium-iodide 
solution  to  remove  th«  free  sublimate  ;  but  it  should  be  borne  in 
mind  that  those  processes  also  liberate  proteida,  and  particularly 
albumoses  and  peptones  (see  pp.  77,  78,  113K 

Method  for  Class  Purposes. 

When  it  is  desirable  to  save  time  and  to  make  sure  that  every 
student  has  a  good  section,  the  following  plan  will  be  found  useful : 
Procure  from  IloHborn  and  GrQbleir  lai^  sheets  of  mica  covei> 
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glasses,  measuring  about  10x20  cm.,  albuminize  these  on  one  sidei, 
arrange  the  sections  in  series,  and  treat  each  mica  plat©  as  if  it  were 
an  ordinary  slide.  After  staining,  the  sections  may  be  dehydrated 
and  cleared  coUecfclvely  by  placing  the  mica  plate  in  a  photographic 
dish  and  treating  it  as  an  ordinary  slide,  or  sections  are  cut  off  with 
a  pair  of  scissors,  and  are  then  given  to  the  student  as  required. 
Each  student  dehydrates  and  clears  his  own  section,  and  if  of  an 
economic  mind  may  use  the  mica  as  a  cover-glass  by  mounting  the 
section  face  lowermost.  As,  however,  the  mica  is  apt  to  become 
scratched  proceed  rather  thus:  Place  a  drop  of  balsam  on  the  slide, 
and  on  it  the  mica  with  the  section  uppermost ;  now  put  a  second  drop 
of  balsam  on  the  section,  and  then  finish  mounting  by  applying  an 
ordinary  cover-glass. 

Method  of  fixing  Bichromate  Sections  to  Slides. 

For  bichromate  sections  of  the  central  nervous  syst-em  which  are 
to  be  stained  by  Weigert's  or  Heller's  method,  slides  should  be 
coated  either  with  a  i  in  5  watery  egg-white  solution  (30  cc.  egg- 
w^hite  diluted  to  150  cc.  with  water  and  filtered),  or  with  a  half 
to  I  per  cent,  gelatin  solution.  The  paraffin  sections  are  floated  on 
warm  5  per  cent,  bichromate  solution  ;  tliey  are  quickly  arranged  on 
the  sh'de ;  the  slide  is  withdrawn  and  exposed  to  bright  sunshine  or 
daylight,  when  the  albumin  or  gelatin  will  l>e  rendered  insoluble. 
Experiments  are  being  made  now  with  gelatin  and  form&ldehyde, 
which  seem  promising. 

Van  Walsem  *  uses  a  quince-jelly  method  for  bichromate  sectiona, 
which  in  his  hands  is  safe.  Proceed  thus:  Slides  are  thoroughly 
cleaned  by  boiling  in  aqua  r«»gia  (hydrochloric  acid  4  parts,  and 
nitric  acid  i  part) ;  they  are  then  rinsed  in  water ;  washed  in  absolute 
alcohol ;  dried  with  a  clean  linen  cloth ;  immersed  in  alcohol,  and 
placed  at  once  in  water, — Quince  kernels  i  part  and  distilled  water 
30  parts  are  shaken  vigorously  for  fifteen  minutes,  and  filtered 
through  a  fine  linen  cloth ;  the  filtrate  may  be  preserved  after  the 
addition  of  a  small  piece  of  thymol.  ^Slides  cleaned  in  the  above 
manner  are  covered  with  the  quijice-jelly ;  the  superiiuous  jelly  is 
allowed  to  flow  off  by  placing  the  slides  in  an  upright  position  for 
a  short  time ;  the  slides  are  next  dried  in  a  dust-free  place  in  a 
horizontal  position,  and,  after  drying,  are  stored. 

Parafiin  sections  are  floated  out  on  warm  water ;  the  slides  are 
inunei-sed  in  the  water ;  the  sections  are  arranged  ;  the  water  allowed 
to  evaporate  ;  the  slides  are  fixed  in  absolute  alcohol  for  some  hours  ; 
the  alcohol  allowed  to  evaporate  ;  the  paraffin  is  dissolved,  and  then 
the  slides  are  placed  once  more  in  absolute  alcohol  for  some  hours. 
They  may  now  be  ti-ansferred  directly  to  water. 

On  fixing  Celloidin  Sections  to  Slides. 
If  the  tissue  was  stained  before  being  imbtidded  in  celloidin,  the 
sections  need  ouly  be  arranged  on  the  slides  in  rows;  be  covered  vi-ith 

•  Vna  Walsem  :  Verhatuil.  d.  A'o?i.  Akad.  ran  H'etemrh.  te  AtMterdam,  a,  So«t.,  Dl.  7, 
Ko.  X  C1899) ;  aud  ZciUch./.  wiaa.  Mikr.  17,  aa^  (1900;. 


a  drop  of  origanum  oil  or  any  Bimilar  substance  which  does  not 
dissolve  celloidin,  and,  when  quite  clear,  be  mounted  in  balsam. 

If  the  sections  have  to  be  ataiued  in  basic  atiiliii  dyes,  which  have 
a  great  affinity  for  thu  acid  celloidin,  the  celloidin  has  to  he  removed 
before  the  stain  is  applied,  and  to  fix  the  sections  to  the  slide  the 
following  plans  may  be  tried  : 

Bolles  Lee '  recommends  P.  Mayer's  glycerin -egg-wliite  fp.  372). 
Having  pressed  celloidin  sections  very  firmly  to  the  slide  covered 
with  glyceinn-egg -white,  the  celloidin  may  '  subsefjiiently  be  safely 
removed  with  alcuhol  and  ether.'  I  have  not  been  successful  with 
this  method. 

Jordan's  procedure  is  more  relialde'.  Slides  are  covered  with 
egg-white,  or  P.  Mayer's  glycerin-egg-white ;  celloidin  sections  are 
transferred  to  the  slide  from  80  to  96  per  cent,  alcohol,  but  on  no 
condition  from  water,  and  are  pressed  down  by  means  of  the  tissue- 
pai)er  which  served  to  transfer  them  ;  the  tissue-paper  is  left  covenng 
tlie  sections  to  prevent  them  from  becoming  dry,  and  a  second  slide 
is  pressed  down  on  the  paper ;  pressing  both  slides  firmly  together 
the  albumin  is  coagulated  by  holding  the  shde  containing  tho  egg- 
white  lowermost,  over  a  flame ;  having  coagulated  the  albumin  the 
two  slides  are  transferred  together  to  96  ix«r  cent,  spirit,  and  are 
separated  from  one  another  under  spirit.  Now  tho  celloidin  may 
be  removed  with  a  mixture  of  alcohol  and  ether,  or  acetic  ether  or 
clove  oil 

In  some  insUnces  it  is  desirable  to  keep  a  number  of  celloidin 
sections  in  series  without  having  them  attached  to  glass  slides, 
when  Obregia's  modification  of  Weigert'a  original  method  answers 
best. 

Weigert'a  Celloidin  Section  Method. 

Weigert  *  covers  a  plate  with  a  thin  layer  of  celloidin,  and  allows 
it  to  dry.  He  further  cuts  toilet-paper  into  strips  a  little  wider 
than  the  breadth  of  the  celloidin  s^ictions,  and  soaks  these  strips  in 
70  per  cent.  >*[>irit.  They  are  kept  moist  by  being  placed  on  blotting- 
[iai>er  in  a  flat  dish  also  containing  70  per  cent,  spirit. 

As  soon  as  a  section  is  cut  it  is  drawn  off  the  knife  by  means  of 
one  of  tlie  papers,  the  first  section  boing  placed  close  to  the  left  hand 
of  the  operator.  Each  successive  section  occupies  a  position  nearer 
to  the  right  hand  holding  the  strip  of  pai>er.  When  tlie  first  strip 
is  covered  with  sections,  a  second  one  is  taken,  and  this  process  is 
continued  till  a  sufficient  number  of  sections  have  been  cut  to  cover 
the  collodionized  glass  plate.  During  the  whole  of  this  time  care  in 
taken  to  prevent  tiie  sections  from  drying  by  putting  tliem  on  filter- 
paper  moistened  with  spirit. 

To  transfer  the  sections  to  the  glass  plate,  the  strips  are  laid  down 
in  order,  with  the  sections  in  contact  with  the  coUodium ;  the  pa|)er 
is  firmly  squeezed  down  to  make  the  sections  adhere  to  the  collo- 

*■  BoUm  Lm  uxd  Paul  Mayer  :  Orund^^gt  d.  mikr.  radknifc,  139  ^1901}* 
'  H.  Jofdan  :  ZtiUek./.  *nm.  Mikr.  15,  50  (1898). 
■  Welfert :  IbU.  %  490  ;i885). 
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Hmm^  and  tbia  Um  ilripe  off  paper  are  gradnally  j 
gflad  ap  aa  •§  not  to  dktaA  the  miBtinnMit  af  tha 

Baiw  al  £ma  ^ini  ia  laanarad  -wnA.  Uatti^^fapH; 
fl^  aiilMBB  iMtva  kaaoowqato  dry  a  tkm  aaialiaB  af 
fOOMd  over  fha  amitinaa;  nd  asaooaaa  tiuaeallofian 
fecia  dry  to  the  touch  tba  f^mm  plaAa  it  »i  ■nwJMWiii,  doadly,  into  tita 
atawiing  bath,  when  tha  dodbla  lalliiiilin  fil^  twrWiaing  iba  aaatiom 
aqtantca  from  the  glaaa.  After  the  Gaining  baa  beao  coaipfetod  Uw 
Mfloidin  fibs  may  be  cat  with  sdasora^  and  eitber  aO  or  only  aeow 
of  tba  toeiMma  be  kept.  Dehydrate  tba  aactiooa  in  95  per  coat,  agioi, 
dtar  in  origannm  oil  and  mount  in  balsam ;  or  tf  compiato  debf* 
dntion  ia  caaantial,  follow  Nikiforow's  plan  off  uaing  oqual  paita  of 
aiiacdata  aleohol  and  pure  chlorofonn '. 


Obregia'a  Modification  of  Weigert's  Method  *. 

The  diaadrantage  connected  with  Weigeffia  ori^mal  method  u 
that  staining  takea  a  very  long  time,  becattae  tba  dyea  have  to  act 
through  the  eoliodium  which  encloses  the  sections.  To  obviate  this 
difficulty  Obregia  covers  a  glass  plate  not  with  a  layer  of  ouUodium, 
but  with  a  mixture  <^  cane-sugar  ^rrup  3  parte,  dextrin  ayrup 
I  part,  and  95  per  cent,  alcohol  2  parts.  After  two  days,  when  this 
aolution  has  become  dry,  the  glass  plates  are  used  in  exactly  the 
aame  way  as  are  Weigert's  collodionized  plates..  On  placing  the 
glaaa  platea  in  warm  water  the  sugar  diasolTee,  and  the  oelloidin 
film  floatH  off.  The  sections  stain  readily,  as  they  are  covered  only 
on  one  side  by  a  film  of  celloidin. 


On  Moisnting. 

Mounting  aims  at  surrounding  tissues  with  any  medium  which 
will  show  the  structural  elements  to  their  greatest  advantage,  and 
also,  if  possible,  preserve  them  for  future  reinvestigation.  Further 
to  aaf^guard  the  specimens  and  microscopic  lenses  against  injury,  it 
19  the  custom  to  cover  tissues  with  some  transparent  medium,  either 
a  photographic  varniah  as  first  recommended  by  Weigert  for  large 
brain-sectiona,  or  with  mica  or  glass. 

Mounting  media  should  be  chosen  according  to  their  refractive 
indices.  If  the  tissues  are  of  low  refractive  index,  choose  media  with 
higher  indices,  and  vice  versa.  Some  elements  of  high  refractive 
index  are  converted  into,  apparently,  luwiy  refracting  ones,  by  being 
mounted  in  subetancee  possessing  exceedingly  high  indices — such  a 
medium  being,  for  example,  methylene  biniodide. 

The  following  table  ^  gives  some  of  the  more  common  media  and 
their  indices,  calculated  for  yellow  light  or  D  at  15  to  20"  C. : 

*  Kikiforow  :   Z«iinA,f.  win.  Mikr.  8,  189  (,1891). 

*  Obregia  :  Neurol.  Cei^ralbl.  9,  495  (.1890^ 
'  With  the  exception  of  the  thre«  last  Bul>stuDCCs,  the  refraclire  indices 

b*«n  ooiopiled  from  B«hrena,  TuUlkn  *.  (isbraitcA  /.  mikr.  Arlatten,  Brauuscb^ 
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Refractive  Indices  of  Mounting  Media. 


Air  .....  i-ooo 

Methyl-alcohol  i-33o 

Difltilled  watt-r  .         .  1-333 

Su^nr  aoliitiiJii.  lojwrcent.   .  l'347 

Sodium  chl<>rirl««,  10  per  oeut.  t.350 

Albuiuin  »(i]utioii '.         ,         ,  1-350 

lSX\wt 1.357 

Alwiiliiteetliyl -alcohol  .  .  i-36i 
PotAMtiuici  nct'tuto,  Mturnted 

wntery  solution  .  .  .  1-370 
Oly<*eriii    and    w«t«r,   cqiinl 

I'ftrtf* 1.397 

Ainyl-iilcoliul  .         .         ,  1-407 

ClilorofiiriD     ....  t-449 

Glycerin  ....  1-456 

Bergamot  oil  .  .  1-464 

Liquid  poraffln       .         .         .  1-471 

Turpentine     ....  1-479 

T'-lU'-nt'  .         .         .         ,         ,  1-496 


Xyleno  .     . 

Benzene 

CwJar-wood  oil  ujrfiiniuy', 
C«'d«r-w«tod  oil  i^^insjjisaatoJ)     . 
Dammnr    ,        .        .        .       -. 
Clove  oil     t         ,  .  .         . 

MMHtic 

Caniidn  balsniTi  .... 

Crt-osotc 

Colophon  ium     .... 

Pht-nol 

Aniaee*!  oil  ...         . 

AjiiUn        ..... 
Cinnamon  oi!     . 

*Hetiic-innaraene -t- equal  Wtiight  ) 
of  ptionyl-thioojirbimide        ( 
'Phi'MV I- 1 hi.War bim i do'  CJl.CNS  1 
'Methylnne  diiinlide  \^CHjl,;      . 


PerHotuJljT  I  prefer  to  mount  in  tnerHa  liaviiig  a  low  refractive 
inde.T,  namely  in  potassium  acftato,  10  p^r  <.'^i\t.  glycerin  made 
with  thymol  wator,  liquid  paraftin,  lK<rgamot  oil -f  Canada  balsam, 
and  turpentine  dammar;  but  when  doing  80  I  am  aware  that  the 
lenses  in  ordinary  Uf<e  hnve  been  corrected  approxiauitely  fur  a  refrac- 
tive inde.\  of  1-520,  which  means  tJiat  the  index  of  ordinary  baLsam 
moinits  is  too  high,  while  that  of  glycerin  and  water  is  too  low. 

To  ensure  permanency  of  stains,  especially  if  coal-tar  producta 
are  used,  it  is  absolutely  necessary  to  employ  neutral  nujunting 
media,  which  remain  neutral.  For  this  reason  all  substances  ]irone 
to  undergo  oxidution  must  be  avoided,  firstly  because  acting  aa 
reducers  they  convert  colour  salts  into  leucoproducts,  as  Unna  has 
shown,  and,  secondly,  l>ecause  having  W-come  oxidized  they  turn 
into  acid  bodies,  and  as  such  extnwH  the  basic  dyes. 

Thus  toluene  (toluol)  or  methyl -lienzene  (CJI.CII,)  by  oxidation 
is  converted  into  benzoic  acid  {C,HjCH,-l-0,  =  C,H,COOH -«-H.,0| ; 
xylene  jxylol)  or  ortho-<iiinethyl-ben2ene  (C,H«(Cn,y  by  oxidation 
gives  rise  to  orthotohiyl  acid  iC,H^ -t- CH,-|-GOOH,  1:2)1  and  ortbo- 
phthalic  acid  (C,Hj-h(CO0H>^  1:2). 

Turpentine  is  a  mixture  of  resins  (colophonium)  and  liquids.  The 
latter,  called  oil  of  turpentine,  consist  essentially  of  the  hydrocarbon 
pinene  (Cn,ll,,l,  which  by  oxidation  gives  rise  to  ljen2ene-/>-dicarb- 
oxylic  acid  (CJIjCtl-OIII.jl,  and  also  to  terf>enylic  and  terebio  acids. 

Turpentine  is  even  less  to  be  recommended  for  anilin  colours 
than  toluene  or  xylene,  while  for  sections  stained  in  carmin  it  may 
be  used  (p.  380). 

How  enormous   the   oxidation  processes  going  on   in  ordinary 

*  Albumin  wlutiun  consist*  of  agg-whitA  10  co.,  dUtiilad  water  100  00.,  aodiutn 
chloride  0-5  gnu. 

'  Theae  tbraa  aabatanoea  wora  kindly  auggaated  to  ma,  and  given  me  by  H.  O. 
lladden. 

'  F.  O.  Unna :  '  Die  Entwickelung  d.  B«kteriennrbuji((,'  CmtralbLf.  BtiJckr.  u. 
Paranlenintndtf  p.  3  ^i6Q8j, 
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balaara  are,  becomes  apparent  from  the  experiments  of  Zoth\ 
who  determined  that  under  normal  atmospheric  pressure  20  cc.  of 
new  fluid  turpentine  ^vill  absorb  in  ten  days  40  cc.  of  gas,  the 
rate  of  absorption  during  the  first  few  days  being  about  0-4  cc  in 
one  hour.  Similarly  30  cc.  of  xylene  absorbed  in  ten  days  ii  cc 
of  gaa. 

The  thinner  a  balsam  solution,  the  more  rapid  is  the  absorption 
of  air-!>ubblos  in  a  preparation,  or,  what  amounts  to  the  same,  the 
greater  is  the  process  of  oxidation.  By  stirring  air-bubbles  into 
balsam  and  controlling  their  disapj>earance  under  the  microscope, 
Zoth  obtained  the  foUowing  figures,  which  express  in  minutes  the 
time  bubbles  took  to  disapiiear: 


Dammar  dissobxd  in  xylene  ;zyIo2). 

Diameter  qf  air-bubbles,  expreeaed  in 

li,ayid  time  they  took  to  disappear, 

expressed  in  minutes. 

very  thin 
50  per  csnt. 
70  per  cetit. 
80  par  cent. 

9° 

83 

54 

36 

6 

4i 

5j 

I 

a 

Canada  balsam  dissolved  in  turpentine. 

Tery  thin 

thin 

thick 

somi-solid  (83  per  cent,) 

5 
98 

3i 
92 

1 

I? 
5i 

34 

1 
f 

9 

Commercial  balsam  is  always  acid  l^ecause  of  oxidation  pn 
which  have  taken  place  in  it,  and  therefore  '  neutral '  balsam, 
specially  prepared  by  such  firms  as  Hollborn  and  GrObler,  Leipzig, 
or  by  P.  Ferman,  Amsterdam,  should  be  employed  ■.  My  own 
attempts  at  neutralization  with  fixed  alkalies  and  with  pyridin  or 
picolin  have  not  given  such  uniform  results  as  to  warrant  publication. 

To  use  chloroform  (CHCI,}  as  a  solvent  is  |>erhaps  also  Imd,  liecause 
of  a  possible  oxidation  by  the  aetion  of  light  into  carbonyl  chloride, 
or  phosgene  gas  and  hydrochloric  acid,  thus:  CHClj  +  0= COCl,  +  HCL 

The  best  solvent  for  neutral  balsam  is  pure  benzene  (C,HJ,  because 
it  is  exceedingly  stable  towards  concentrated  alkalies,  and  such 
strong  oxidizers  as  potassium  permanganata  and  chromic  acid. 
Wlien  exposed,  however,  to  ozone  in  the  presence  of  sunlight  it  is 
converted  first  into  phenol  (C„Hj,OH),  and  later  into  oxalic,  acetic, 
and  formic  acids,  while  peroxide  of  hydrogen  gives  rise  to  phenol 
and  oxahc  acid.  Concentrated  nitric  acid  converts  the  hydrocarbon 
into  nitrobenzene  (C^HjNOJ,  and  concentrated  sulphuric  acid  slowly 

'  O.  Zoth  :  '  Nutiz  Q.  d.  Aufsaaguag  v.  LuftblHsclieii  in  UarzeiuaoblilBsen,' 
ZtiisdK,/.  wise.  Mikr.  15,  rga  (£898). 

•  P.  Fermau's  Brni  id  recomtu«udiMl  by  A.  C,  Hoff:  *Topik  d.  AJkaliv^rUieil* 
uiig,'  Bot.  Ccfitraibl.  83  (^1900;, 
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chftnges  it  into  benzene-aulphonic  acid  (C,Hj-SO,H).  With  chlorine 
and  bromine  in  the  presence  of  direct  sunlight  or  at  high  lemi^raturea, 
it  forms  additive  compt»unds  such  as  benzene  hexAchloride  (CVH,CI«), 
while  at  the  ordinary  temperature  the  benzene  nucleus  is  attacked, 
yielding  substitution  products  such  as  chlorobenzene  (C^H^Clj,  di- 
clilorobenzene  (C,H^CI^,  &c.' 

The  '90  per  cent,  benzol'  of  eommerc©  contains  about  70  per 
oent.,  while  the  *  50  per  cent,  benzol '  contains  about  46  per  cent,  of 
pure  benzene.  The  remainder  (about  25  per  cent)  in  the  *  90  per  cent. 
Ijenzol'  is  toluol,  while  in  *5o  per  cent,  benzol'  there  is  contained 
50  per  cent,  of  xyloL  For  reasons  given  above  (see  p.  377)  it  is 
essential  to  use  pure  benzene  and  not  a  mixture  of  benzene  and 
toluene  or  xylene. 

Pure  benzene  is  usually  sold  as  'benzene  free  from  thiophene.* 
To  prepare  pure  benzene  from  so-called  90  per  cent,  benzene  proceed 
•IS  fullows :  Cool  water  by  dissolving  ice  in  it  to  almost  the  freezing- 
point  ;  place  a  vessel  containing  the  impure  benzene  in  this  mixture, 
when  the  benzene  crystallizes  out  while  the  toluene  remains  fluid  ; 
remove  the  toluene  or  xylene  by  rapid  filtration  and  repeat  the 
freezing  process  several  times  ;  finally,  shake  up  the  benzene  [turifiod 
in  this  manner  repeatedly  with  small  quantities  of  sulphuric*  acid  to 
remove  the  thiophene,  which  is  a  sulphur  compound,  C^H^S.  To 
determine  whether  the  benzene  is  really  pure,  use  the  indophenin 
reaction  by  shaking  it  up  with  a  little  sulphuric  aeid  and  adding 
a  trace  of  isatin,  a  derivative  of  indigo,  when,  in  the  presence  of 
thiophene,  the  acid  will  turn  a  beautiful  blue  colour. 

Tlie  chief  disadvantage  connected  with  the  use  of  benzene  is  its 
high  refractive  index,  but  this  may  be  overcome  by  using,  dammar 
resin  instead  of  Canada  balsam,  and  also  by  choosing  stains  which 
have  a  considerable  covering  power. 

Experiments  are  now  in  progress  with  various  petroleum  ethers 
or  benzines  as  solvents  for  balsam,  and  the  results  obtained  so  far 
seem  to  be  satisfactory. 

For  ordinary  use.  a  resinous  mounting  medimn  should  be  of  the 
consistency  of  syrup,  and  more  should  not  be  used  tlian  is  just  auf- 
ficient  to  cover  the  space  under  the  cover-glass.  Excess  of  balsam 
is  best  removed  by  placing  a  piece  of  thiek  blotting-paper  on  ih« 
slide,  and  by  gently  pressing  it  down  with  the  tip  of  a  finger,  or  by 
placing  on  the  filter-paper  metal  weights.  These  weights  are  beat 
made  by  cutting  off  pieces  of  a  thick  lead  pipe.  To  evajwroto  the 
solvent  of  the  balsanq|ps  quickly  as  possible  keep  the  prei>arutions  for 
twenty-four  hours  at  a  temi>eniture  of  30  to  35'  C  If  Ui^  balsam  is 
acid  the  basic  dyes  will  be  discharged. 

The  greatest  enemy  to  the  permanency  of  all  stains  is  moisture. 
Having  taken  every  care  to  exclude  water  vapour,  wn*  still  run  the 
risk  of  seeing  some  preparations  out  of  a  s«ri«»a  fade  much  quiek<ir 
than  others.  The  probabla  oauae  of  this  fading  is  that,  in  hold- 
ing the  slide  or  cover-(^aaa,  the  moisttu-o   of  our  band  or  brpaln 


*  PKkia  and  Klp|>lAg :  dymtk 
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was  condensed  on  th©  preparation  or  balsam.  To  avoid  such  occur- 
rencea  tJie  cover-glass  should  be  held  in  a  |^»air  of  forceps,  and  care  be 
taken  not  to  breathe  ou  the  pi-e]>aratiou  while  dehydrating,  cleai-ing, 
and  mounting  it. 

The  special  methods  reijuired  for  mounting  Golgi  preparations 
ai-e  given  on  p.  273,  and  there  the  use  of  solid  balsam  has  been 
described  ;  but  the  latter  is  also  used  with  a  diffei-ent  object  in  view, 
nam'dy,  not  so  much  to  prevent  deterioration  of  the  specimen  as 
to  mount  sections  in  some  medium  which  will  not  enter  the  pre- 
paration, and  which  cannot  di-^pel  the  air  prt-seiit  in  the  tissue. 

Tims  pieftarations  of  hard  bone  and  teeth  show  the  lacunae, 
canalicuU,  and  deutimJ  tubules  plainly  as  long  as  these  are  filled 
with  air.  If  the  tissues  wore  mounted  in  fluid  balsam,  aJI  the  air- 
spaces would  be  filled  in  the  course  of  twentj-four  hours  with  the 
balsam,  for  we  have  seen  how  balsam  absorbs  air  (p.  378),  and  the 
preparations  would  thereby  be  rendered  worthless,  as  now  the  light 
is  not  reflected  from  those  elements  which  pre\-iously  enclosed  air. 
Should  preparations  accidentally  become  filled  with  balsam,  then 
boil  the  sections  in  xylene  and  ether  to  remove  idl  traces  of  the 
resin,  and  remount. 

Bone  and  teeth  sections,  as  well  as  blood-films,  scales,  and  hairs, 
make  very  instnietive  preparations  if  they  are  mounted  in  air.  The 
tissues  are  placed  on  a  slide  and  covered  with  a  clean  cover-glass. 
or  the  blocHJ-film  on  a  cover-glass  is  mounted  face  dowuivards.  To 
secure  the  cover-glass,  either  a  ring  of  Kr5nig"s  cement  may  bo. 
applied,  or  a  microscopic  label  is  folded  twice,  and  the  comer  corre- 
sponding to  the  centre  of  the  labf-l  is  cut  off  with  a  pair  of  scissors  ; 
the  laljel  is  then  unloldedf  wetted,  and  placed  over  the  cover -glass. 
Care  musl  l^  taken  not  to  wet  the  label  too  much,  as  otherwise 
moisture  runs  in  Ijetween  the  cover  and  the  slide,  and  may  ruin  the 
blood-film. 

Watery  mounting  media  containing  alcohol  cannot  h%  used  for 
permanent  preparations,  as  no  cement  can  withstand  the  action  of 
alcohol ;  but  the  alcoholic  balsam  medium  of  Seller  and  Vossoler  can 
be  recommended  for  earmin  sections,  especially  for  class  purposes, 
as  such  sections  need  not  be  completely  dehydrated.  Carmiii  pre- 
parations, .so  Paul  Mayer  luis  told  me,  are  fjuite  permanent.  Haema- 
tein  and  coal-tar  colours  cannot,  however,  be  preserved  in  these 
solutions. 

Seller',  in  1881,  recommended  dissolving  dry  balsam  in  pure 
absolute  alcohol,  and  filtering  the  solution  through  abs  or  be  irt  cotton. 
Vosvseler''  mLxes  eijual  volumes  of  96  per  cent,  alcohol  and  Venetian 
turj>entiiie  (which  is  obtmn^d  from  Phius  laru:\,  and  after  some 
weeks  decants  tlie  upper  clear  portion.  The  prtisence  of  the  alcohol 
ensures  a  low  refractive  index,  which  has  certain  advantages. 

Watery  mountmg  media  may  be  divided  into  two  classes,  namely, 
tliose  which  ultimately  retain  the  water,  and  those  which  do  not* 


'  Seller ;  Proc.  Amer,  Soc.  Micr.  2,  50  (^1881'. 
*  Voiiaeler  :  Zeitach.  J.  wiss.  Mikr.  tt,  aga  <,i^)- 
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1.  Water  itself  is  a  pood  medium  for  preficrving  tissues  which 
liave  been  fixtnl  in  osmium  tetroxitle  and  f«»rmald»'hydp,  or  jvicric 
acid  [provided  this  acid  is  not  washod  out  completely}  and  minoral 
acids,  hut  it  sirould  not  be  used  fur  sublimate  preparations  as  thoy 
Itecome  granular.  To  prevent  the  growth  of  bacteria  in  the  pre- 
parntitins  distilled  water  is  boiled,  and  while  lutt  some  camphor  is 
added  to  it. 

2.  Fotajssium  acetate  in  the  form  of  a  saturated  watery  solution 
wa.H  introduced  by  Max  Sehultze'.  I  use  it  principally  for  osmium 
preparations. 

3.  Ten  per  cent,  glycerin  in  thymol  water  for  delicate,  fresh 
tissues  stained  in  picro-carnw'n. 

4.  Glycerin  jelly,  according  to  Lee  ond  Mayer,  was  introduced  in 
1862  by  Schachf. 

Squire's  formula  is  especially  t«>  be  recommended,  as  by  the 
coagulation  of  the  egg-white  the  impurities  are  all  removed.  Pro- 
cee<i  thus:  Soak  100  grms.  of  gelatin  in  chloroform  water  for  three 
hours,  anil  when  quite  soft  drain  off  the  water  which  has  not 
been  absorbed  ;  molt  the  gelatin  on  a  water-bath  ;  add  750  cc.  of 
glycerin,-  mix  the  gelatin  well  with  the  glycerin,  keeping  the 
mixture  at  a  temperature  of  about  70*^  to  80^  ;  then  allow  it  to 
oool  to  about  50'' C.  Now  dissolve  the  white  of  two  eggs  (50-60  cc.) 
in  400  cc.  of  chloroform  water,  add  tliis  solution  to  the  gelatin- 
glycerin,  and  mix  well.  Finally,  boil  the  jelly  for  five  minutes  to 
coajjulate  the  albumin  ;  add  sufticient  chloi\>form  water  to  raise  the 
bulk  of  the  fluid  to  1.550  cc,  and  filter  while  hot  through  new 
flannel. 

Before  use  melt  the  glycerin  jelly,  put  one  or  two  drops  on  the 
section  and  cover  with  a  cover-frla.ss.  After  the  gelatin  jelly  has  set, 
remove  the  superfluous  mounting  medium  if  there  should  l>e  any ; 
clean  off  all  traces  of  glycerin  from  the  cover-glass  and  the  slide,  and 
either  apply  a  ring  of  balsam  or  Kroniij's  cement. 

Lee  points  out '  the  importance  of  thoroughly  soaking  the  tissues 
for  some  time  in  that  strength  of  glycerin  in  which  they  are  to  be 
mounted  ultimately,  as  otherwise  the  tissues  may  swell  up  and  exert 
such  force  as  to  overcome  any  cement,  Paul  Mayer  finds  that  a  small 
air-bubble  imder  the  cover-ghiss  is  the  best  means  of  counteracting 
tlie  injurious  influences  of  changes  in  temi>erature,  and,  as  the 
primary  aim  of  histologists  is  not  to  tuni  out  show  specimens,  the 
plan  is  to  l>e  recommended  on  theoretical  grounds. 

5.  Farranta'  solution :  Suspend  in  150  cc.  of  distilled  water 
40grm8.  of  white  giim  arabic  in  a  muwlin  hag.  When  the  gum  has 
dissolved,  mix  the  gum  solution  thoroughly  with  the  white  of  one 
egg ;  boil ;  filter  tkrough  a  double  layer  of  muslin  ;  inspissate  to 
80  cc.  ;  add  I  grm.  of  crystalline  c-arbolic  acid  and  20  cc.  of  glycerin. 

6.  Bmn's  mixture  was  eepecially  recommended  by  Henneguy  to 
Lee,  as  it  is  said  not  to  extract  anilin  dyee  Uova  sections.     This 

>  U.  Schultxe:  Arck.  f.  mikr.  AnaL  7,  184  (1879). 

*  Schacht  :  Dom  Miknukap,  sBi,  Berlio,  1869. 

'  Se«  also  RouaMlek ;  JwtimtU  Qmektt  Micr.  auh  ;a),  7,  93  tnd  109  (1898). 
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mirture  is  composed  ^  of  distilled  water  14  parts,  grape-sugar  4 
camphorated   spirit    1   part,   and   glycerin    i    part.     Filter  off  tb*' 
camphor  which  precipitates. 

7.  Moiintizig  media  for  iodine  preparations:  Ehrlich  iise« 
a  thick  gum  solution  containing  i  per  cent,  of  Lugol's  solution 
(p.  223);  V.  Kahlden*  employs  equal  parts  of  glycerin  and  Lugol's 
solution  ;  and  Langhaus,  after  staining  in  Lugol's  solution,  dehy- 
drates in  tincture  of  iodine  x  part+absolute  alcohol  4  parts,  and 
preservea  in  origanum  oiL— I  have  used  Welch's  plan  (p.  445)  in 
combination  with  origanum  oiL 

On  Cements. 

Every  worker  fancies  a  special  cement,  and  if  what  different 
histologists  say  of  their  favourites  be  true,  then  bad  cements  do  not 
exist. 

Krdnig's '  cement  for  general  purposes  I  like  best.  Mix  two  parts 
of  wax  with  7  to  9  parts  of  colophonium,  filter  while  hot  into  a 
vessel  made  of  metal.     Remelt  before  use. 

Amberlack  is  made  by  E.  Pfannenschmidt  in  Danzig,  and  maj* 
b«  obtained  from  GrQbler  and  Hollbom.  It  is  recommended  by 
Behrens  because  of  its  great  toughness,  which  prevents  it  from 
becoming  brittle. 

Tola  balsam  cement  of  Camoy '  is  composed  of  balsam  of  tolu. 
2  parts  ;  Canada  balsam,  i  part ;  saturated  solution  of  shellac  in 
chloroform,  2  parta  Dilute  to  the  consistency  of  syrup  with  cbloro^ 
form. 

Bell's  cement,  to  be  obtained  from  J.  Bell  and  Co.,  338  Oxford 
Street.  London,  is  considered  by  Lee  to  be  the  best  for  watery  media^ 
It  is  soluble  in  ether  and  chloroform,  and  is  not  attacked  by  cedar- 
wood  oil 

Mask  cement  (Mnskenlack)  No.  3.  to  be  obtained  from  Beseler. 
66  Schtltzenstrasse,  Berlin,  first  recommended  by  Schacht  in  1862,  is 
still  recommended  by  Paul  Mayer. 

Aapbalt  cement^  obtained  &om  GrQbler  and  Hollbom,  is  reliable, 
and  may  be  used  either  by  itself  or  mixed  with  a  little  gold-size 
(Kitton  '■). 

Grold-size,  according  to  Lee  and  Mayer,  is  essentially  inspissated 
linseed  oil.  and  is  soluble  in  turpentine.  It  is  sold  in  good  quality 
by  GrQbler  and  Hollbom.  Th©  object  of  these  various  cements 
is  to  prevent  watery  mounting  media  from  drying  up,  or  glycerin 
mounts  from  absorbing  water. 

'  Lee  and  Mnjer:  OrundtOge  d,  mikr.  Ttchnik,  249  (1901). 
'  V.  Kahlden  :   Tecknik  d.  histol.  VnUrfHekung  (1895),  p.  50. 
'  Kr-.iiig  •  Arch./,  mikr.  AnaU  27,  657  f^i886). 

*  Camoy  :  Biol.  ctU.  139. 

*  Kitton  :  Month,  Mior.  Jowm.  London,  11,  34  (1874) 


APPENDIX. 


397 
397 


THE  CHEMISTRY   OF    DYES. 

The  general  nature  of  dyes  is  (iiscupsed  in  chapter  xiv,  pp.  180-190. 

The  following  account  in  based  esaentially  on  H.  Nietzki's  Chemie  der 
orgtinischm.  Farhitoffe  (Jolius  S[)ringer,  Berlin);  on  Victor  Meyer's  and 
Paul  Jiicobson's  Lfkrintcfi  tier  organischen  Chemie  (Veit  &  Co.,  Leipzig),  and 
8chulti:  and  Julius  {TabeU.  VherinefU  d.  kUnatl.  organ.  Farbatoffe). 

Dyea  may  bo  classified  as  follows  : 
A.  Simple  dyea. 

I.  Artifioud  dyes  : 

(A)  The  nitro  group  (picric  acid) p.  383 

(B)  The  axo  group  ^uicthjrt-orange,  Biuniirck-brown)    ...        p.  385 

(C)  The  hydraxon  and  pjmzoo  group* p.  395 

(D)  The  HJto-inethin  group  (rubifuncia)  ......         p.  396 

(E)  Tlve  stUb«ne  group  (sun- yellow)       .,.,.. 

(F)  I.  Tlie  uxyquinones  (alizarin)  and ) 

a.   QuiD'jntvoximea  (fast  greon )  .         .        .         ,         .         \ 

(Q)  The  qui  noil  o-imide  group  '^ti>lueQ«-li1ue,  raethylene-blue,  Kile- 
tiluf,  Mifraiiin,  nentrat  r«<],  iuilulin) 

(H)  PlK'nyl-methauo  group  ^auramiu,  malachite-green^  fuchMin. 
mcthyl-vii>li>t^  methyl-gT«en,  methyl-blue,  eoain,  erythrosin) 
(I)  Quinolin  (cyaniu-llue)  and  acridin  group  (benzo-flavinj . 

(K)  Sulphide  group  (oachou  do  Laral,  Vidal- black) 

II.  Naturml  dyee  : 

(a)  FhiTonea 

\y)  Pyrocateohin  group  (haematozyUo^  braziUn)  .... 

(c)  Carrain p. 

(<i)  Orcein  and  litmus     .        .        ..••-*..•         P' 
(e)  Aleanniii p 

fi.  Compound  liyea p 

I.    AiiTinciAL  Dtes. 

(A)  The  Nitro  group. 

The  dmnnophore  radical  is  NO,,  with  an  acid  cbamcter. 
Trinitro-pli©nol  or  Picric  acid,  C,H,(N0,)30H. 

OH 


p.  401 


417 
431 
434 

435 
436 
438 
441 
44  » 
44» 
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Its  ammonium  saltj  or  ammoniuni  picrate,  has  ttie  formula 
C,Hj(NO,)30NH3, 
and  i»  best  made  as  follows:  Add  ammonia  ton  r  pur  cont.  s-olution  of  picric 
acid  at  25° C,  till  free  Bmiiumia  can  be  detected  by  the  smell;  cool  the 
fluid  to  lo*^  C.  J  filter  off  tlie  crystals  of  wnimnnimn  ]>icrate,  anil  place  tbem 
ill  u  porcelnin  disL  joat  covered  wilb  distilled  wjitei*,  to  jilluw  the  free 
ammoitia  to  evaiiorate.  Then  transfer  tlie  moist  crv!»tals  to  a  bottle, 
covir  tliein  witli  distiltfd  water,  and  saturate  tlio  latter  by  i-epeated 
Bhaking.  ]t  ia  best  to  preserve  the  crystals  in  a  moist  state,  bt.<c-ause  I 
oact'  had  an  explueion,  drying  cryatuls  on  blotting-paper  in  tbc  auu. 

The  potash  bait  of  picric  acid  is  veiy  iiis^oluble. 

Dinitro-u-naphthol  or  Martius"  yellow,  Cj(,Hj(NOJjOH, 


NO, 


NO, 

is  obtained  by  the  action  of  nitric  acid  on  a-uaphthol  disu! phonic  acid. 
(The  coii'^litution  of  naphthnlene  is  given  on  p.  388.)  It  is  almost 
insolublii  in  water,  and  only  slightly  soluble  in  alcohol,  etlier  and 
benzene.  Its  eoditini  Bait  in  readily  Bolulile  in  water,  and  stains  wool 
and  silk  in  an  acid  hath  a  golden-orange  colour.  It  does  not  jiosaeaa  th« 
bitter  taste  of  picric  acid. 
Tetranitro-  diphenol, 

OH   /^s^»    ^^    s\OH 
is  pold  as  an  ammonia  salt  under  the  name  of  Palatine-orange. 

Aurantia  or  Hexanitrodiphenylamin  or  amin-dipiorio  aoid  is 

sold  in  the  form  of  its  an^moiiia  salt.  Its  deetj  orange  colour,  ns  con- 
trasted with  the  pab"  yellow  colour  of  ptcric  acid,  is  due  to  the  further 
introduction  of  the  chroraopbore  group  NO, :  -»- 

In  this  class  of  nitro  bodies  we  may  also  place  the  nitroxy  bodies, 
which,  according  to  Lef&vre,  possess  the  chromopbore  group : 

O 

/\ 

_N— N— 

Sun-yellow  is  the  best  example  of  this  group : 

O 
/\ 

!      I 
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(B)  The  A£o-dye8. 

Th«  chromophore  radical  is  the  azo  group  —  N  =  N —  with  basic 
cliaractere.  It  forma  in  every  case  the  link  between  benzene  rings  or 
benzene  and  naphthalene  groups,  or  naphthalene  groups,  thus 

C^H,  —  N  =:  N  —  C.H^OH     =  (ox j-azo-benzene). 

C,H,  —  N  =  N  —  CjoH,OH    =  ^benzene-azo-a-naphthol). 

C,jjH^  — N  =  N— C,jH,NH,  ===  (amido-azo-naphthalfne). 

Whenever  possible,  the  nzo  group  takes  up  a  paraposition  to  tho 
hydroxyl  (OE)  or  amidogen  group  (NH,)  of  the  benzene  or  naphthalene- 
rings.  Should,  however,  the  paraposition  be  occupiedj  then  the  ortho- 
position  is  taken  up,  but  never  the  metapositioo. 

Now,  wheuever  the  azo  group  —  N  =  N—  occupies  the  paraposition 
to  the  hydroxy)  graup  of  a  benzene  radical,  the  resulting  dye  behaves 
as  a  phenol, 

(The  OH  occupies  the  paraposition) 


V     \/ 


OH 

Phenol,  in  a  watery  solution,  di880ciat«s  thua,  C^,0'+H*,  tho 
hydrogen  ion  giving  an  acid  character  to  the  dissociated  phenol  solution. 
On  displacing  the  H*  by  stronger  kat-ions  such  as  sodium,  salts  of 
phenol  are  formed.  Azo-dyes  wilh  the  hydroiyl  and  the  azo  groups  in  a 
paraposition  also  liberate  the  hydrogen  ion,  and  can  therefore  form  salts. 

If,  however,  the  azo  group  and  the  hydpoxyl  group  occupy  the  ortho- 
positiou 


OB 


V 


(The  OH  occupies  the  orthoposition) 


then  the  hydrogen  leaves  the  oxygen  and  attaches  itself  to  the  azo  group, 
thns: 

H 

/N     /No 


Such  a  coinpouad  has  no  acid  characters,  and  does  not  form  salts,  because 
the  hydrogen  is  linked  on  to  N. 

To  sum  up,  para-azo-dyes  can  form  salts,  while  ortbo-azo-dyes  cannot; 
the  latter  must  therefore  be  coustdiired  as  oxides.  The  importance  of 
this  is  shown  on  p.  309,  where  the  staining  of  fat  by  ortho-azo-compounda 
is  discussed. 

MAMM  C   C 
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Nietzki   has  drawn  special  attention  to  the  tautomery  of  azo-dyes 
with  the  hydrazones  of  the  qoiooneB  and  quiaone-imidea,  thus  : 


C,H,-N  =  N-C,H,OH 
oxy'azo-benzene 


H 
v_benzoquinioiie)i(|phenyl-bydrazone/^x' 


ami  do-azo-benzeno 


C,H,-N-N  =  C,H«  ==  NH 
phenyl-hydrazone  of  quinoue^imide. 

Whenever  phenyl-hydrazonea  are  formed  out  of  phenyl-hydraziu  and 
quinonee,  the  resulting  dyes  are  identical  with  those  obtained  from  the 
correBponding  phenol  and  diazo-benzene ;  thna  a-napbtboquinone  and 
phenyf-hydrazin  form  the  hydra  zone 

H 

but  the  same  Bubst«nce  ia  also  formed  by  the  union  of  d!azo-l)enzene  and 
a-naphtbol,  although  the  latter  being  a  para-compound  ought  to  give 
riae  to  a  subs<aace  containing  the  bydroxyl  gjoup,  according  to  the 
formula  C,H„-N  =  N-C„H,OH, 

By  vigorouB  reduction  the  azo-group  is  convertible  into  amido  groups 
because  the  double  nitrogen  bond  is  broken  up,  hydrolystB  taking  place'. 
Amido-azo-henzene  is  thus  split  up  into  one  molecule  of  anilin  and  one 
molecule  of  paraph euylene-diamin : 

H,C,-N  =  N-CjH,NH,  +  4  H  =  HjC,NH,+  H^-C,H,-NF, 

As  regards  colour,  the  simplest  dyes,  namely  those  which  contain  only 
the  azo  group  —  N=N—  once,  are  yellow  ;  all  green  dyes  possees  a  nitro 
group ;  the  dyei  containing  one  naphthalene  instead  of  a  benzene  radical 
are  red,  while  if  several  naphfclialene  groups  are  introduced,  the  colour 
becomes  blue. 

How  the  relative  position  of  the  chromophore  groups  influences  colour 
is  well  shown  by  the  following  dye  : 

(HSOjV  (SO,H), 

HO  OH 

which  ia  of  a  blue  colour  when  the  two  azo  groups  in  the  central' 
benzene  ring  occupy  the  parapositioo,  while  it  is  red  if  they  occupy  thsj 
metaposition. 

Analogous  changes   I  believe  may  account  for    some   of  the   met 
chromatic  effects  produced  in  tissues  by  the  use  of  simple  dyes,  although 
in  most  cases  we  are  dealing  with  different  sized  aggregateB  of  the  dye. 

Mooo-amido-azo  colours  do  not  stain  readily,  being  feeble  bases,  and 
therefore  it  is  cufitomary  to  either  introduce  into  the  nucleus  a  second 
amido  group  in  the  orthopoBttion,  as  is  done  for  example  in  chrysoidio, 


'  This  reactioti  it  employed  to  determine  the  composition  of  uo-dyea. 
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H,C,  — N  =  N  —  C,H,(NH,),,  or  to  convert  the  wso-dyes  into  ralphonic 
acid  compounds. 

Mo{)t  azo-ilyes  are  such  amido-sulpbo  acids,  and  behave  as  acid  dyes, 
the  acid  Bulphonic  group  serving  to  eatisfy  the  basic  demands  of  the 
tissue,  and  thereby  forming  the  link  between  tite  tisfnie  and  the  free 
azo-dye.  For  this  reason  azo-dyes  stain  a  tissue  always  with  the  colour 
of  the  alkali  salt,  or  that  of  tlie  free  araido-base.  If  for  example  the 
violet-coloured  solution  of  the  sulphonic  acid  of  pbcnyl-amido-azo-beuEcne 
or  tropaeolin  00  be  employed,  an  orange  f«tain  is  produced  with  the 
tissue,  AS  the  Eodiitm  salt  of  tropaeolin  00  haa  an  orange  colour. 

Azo-dyes  are  used  for  dyeing  purposes  in  one  of  the  three  following 
ways: 

(l)  by  staining  directly  (substantively). 

121  after  mordanting  tissueB  with  metallic  oxide  (adjectively), 

(3)  by  being  produced  in  the  tissues  (synthetically). 


SvbtUvieion  of  the  azo-dyet. 

I.  The  azo  group  —  N  =  N—  is  only  contained  in  the  molecule  once. 

Honazo^dyes. 

A.  Amido  compounds. 

(i)  Mono-amido  componnda p.  389 


(3)  Diamido  ootnponnds 


P'390 


-N  -  N. 


/\ 


NH, 


-KH, 


(3)  Triamido  compounds 


p.  390 


H,ll 


V 


NH, 


(4)  Azo-dyes  obtained  from  diazo-ammoiuam  bases 

c  ca 


P-  390 


388 


THE  CHEMISTRY  OF  DYES 


B.  Hydrozyl  componnds. 
(a)  Benzene  series. 

(i)  Monoxy-azo  componnds 


P-  391 


N-N— . 


OH 


(2)  Bioxy-Bzo  compounds p*  39^ 


\y 


OH 


OH 


(()  Kaphthalene  series P-  39^ 


(i)  Monozy-azo-dyes 
a       OH 

/N/N/. 


p.  39a 


0 


a  a-N-N- 

a-napbthol 


a         o-N-N- 

^V         Y         alOH 

6 


o  a 

^.napbihol 


(2)  Diozy-azo-napbthalene  dyes  bave  the  azo  group  replaced  by  a 
hydroxyl  group,  OH.    iSe  two  bydroxyl  groups  occupy  tiie  periposition 

(1:8). p.  393 

OH      OH 


/* 

7 


o  3 

V\t/ 

(«)  Hydrozy-carbozylio  acid  compounds         ...        p.  394 

II.  Tbe  azo  group  —  N=N—  is  contained  more  than  once  in  the  molecule. 

The  tetraso-  or  disaso-dyes. 

See  Addendum,  pp.  453-455,  for  some  constitutional  formulae. 

A.  The  amido  and  hydrozyl  compounds     ....        p.  394 


METHYL-ORANGE 
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(i)  The  two  azo  gronpB  as  well  as  the  auxochrome  OH  or  NH,  groups 
arc  joined  to  the  same  Ijcnzene  nucleus. 


/\ 


\y 


\y 


(plienol-bidiazo-beiizene). 

(a)  The  two  azo  groups  are  joiaed  to  one  benzene  nucleus,  while  the 
auxochrome  group  is  attached  to  another  benzene  nucleus. 


-_N-N— - 


OH 


(benzene-azobcnzene-BZophenol 
or  tetrazo-benzene-phenol). 

B.  The  beuzidin  and  analogous  deriratives.  Benzidin  or  para> 
diamido-diphenyl  has  the  composition  NH,G,H^'C\H^-NH,,  and  possesses 
a  strongly  basic  character.  It  is  obtained  by  treating  hydraao-benzene 
C,Hg'NH-NH-C,H,  with  strong  acidt^,  and  thiu  producing  au  intra- 
molecular change  ........         p.  395 


C.  The  dittzo-a-naphthol  denTatiTes . 


P-  395 


Aso-dyes  of  hiatological  importancse  *. 
I,  A,  I  (see  p.  387).    Mono-amido-azo-benzeue 

Methyl-orange. 

Dimethyl-amido-azo-benzenei  H^C,— N=N— C,H,N(CH,)j,    on    wil- 

1  ±      L  ± 

phonation  forms  helianthin  :    HSO,— H^C,-  N  =  N-C.H^-NICH,),, 

and  the  sodium  salt  of  the  latter  is  known  as  methyl-orange. 

Methyl-orajige  (or  tropaeolin  D,  or  orange  III)  is  used  chiefly  as  an 
indicator  for  mineral  acids,  which  colour  it  red,  while  acetic  or  amido- 
gulphonic  acids  produce  no  effect.  It  also  serv^es  for  titrating  frc«  sul- 
phurous acid  aa  the  biBulphite.  Chloride  of  lime  (CaCl,)  forma  in- 
soluble lime  salts  with  the  watery  solutions  of  the  alkali  salts  of  the 
monosulphonic  acids. 

'  See  also  Addendum,  pp.  453-455' 
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TropaeQlin  00. 

Pheayl-amido-azo-benzene,  HjC,— N  =  N— C^^NHC,Hj,     on    being 
sulphoiiftted  forma  tropaeoHu  00  or  oraDge  IV, 

J^  ± 

^HSO,-H.C,-N  =  N-C,H,NCH.H,. 

I,  A,  2.  Diamido-aao-benzenes. 

Glu^aoidui  or  phenyl-azo-m-pheiiylene-diamide, 


Ijj  tte  first  azo-dye  wHch  was  maniifiictured  Bynthetically  by  Witt.  It 
is  a  Ijaae,  because  of  the  preseoce  of  the  two  amido  groups.  This  alao 
holds  good  for  the  next  eotnpotind,  namely,  Bismarck-brown. 


I,  A,  3.  Triamido-azo-benKene 

±  J.      ± 


usually  known  as  phenylene-brown,  Vesuvin,  or  Bismarck-brown. 

Bismarok-brown.  The  commercial  salt  is  generally  the  hydrochloride, 

and  conaista,  according  to  Nietzki,  eseenttally  of  the  disazo-body : 


According  to  Tauber  and  Walder '  it  consists,  on  an  average,  of  70-5 
per  cent,  phenylene-disazo-m-phenyleue-diamin  and  8  per  cent,  triamido- 
benzcue,  both  of  which  are  Eoluble  in  benzene,  wliilc  another  base, 
amounting  to  15-4  per  cent.,  is  insoluble.  The  remainder  consists  of 
Bubstances  like  tar,  and  h  insoluble  in  acids.  The  pheuylenc-dLsazo-fTi- 
pheuylene-diamin  and  the  base  inaoiuhle  in  benzene  ataiu  cotton  readily, 
while  triamiJo-benzene  shows  hardly  any  affinity  for  the  unmordanted 
fibre. 

It  follows  that  by  rights  Bismaick- brown  ought  to  be  classified 
amoDgat  the  dfaniido  compounds. 

I,  A,  4.  Azo-dyes  obtained  from  diazo-ammonium  bases.  On  diazo- 
tixing  amido-derivatives  of  triraethyl-phenyl-amnionium  chloride  or  ita 
analogues,  the  diazo  radical  unites  with  phenols  and  amines  to  form 
strongly  basic  quaternary  ammonium  compounds.  Thus  indoiu,  an 
azo-dye  ohtained  from  diaaotized  Siifrauin  and  jS-uaphthol,  is  a  blue  dye 
with  ftrong  basic  character. 

The  '  Janus  dyes  '  of  the  dye  manufactory  at  Hbchst  also  come  under 
this    heading,   some   being   disazo-dyes    of  m-amido-trimethyl-phenyl- 


'  Tftuber  and  Waldar :  Ber.  i.  dtuttdi.  chm.  GcaelUch.  3897-9  (Oct.  1900). 
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ammouium  chloride,  a  compouad  which  is  joined  up  on  the  one  side 
to  metatoluidlu,  and  subsequeutty  ou  the  other  Bide  with  a  phenol. 

JaaoB    red}   formed    hy   the    unioD   of   the   aninioiiium   base  with 
m-toluldin  and  /3-naphthol,  has  this  coostitution  : 

3.  ±_ 

(CH,),=N-C^,~N  =  N-C,H,-N  =  NCi,H.OH. 
dl  CH, 


Janus  greea  is  described  on  p.  444,  under  the  heading  of  compoum! 
dyes. 

I,  B,  a,  I.  Monoxy-azo-beusene  dyes. 

TropaeoUa  Y. 

JL  -L. 

Oxy-azo-benzene   or  pUenol-tlwzo- benzene,    H,C, — N  =  N  — C,H;OH, 

±  1     J.  4 

when  Bulpbonated  becomes  tropaeolin  Y;  HSO, — H^C, — N  =  N  —  C,H^OH . 


I,  B,  a,  a.  Bioxy-azo-benzene,  H.C  —  N  =  N«^C,H,\    3 

OH. 

Tropaeolin  O  is  the  para-Bulphonic  acid  of  diozy-azo-benzene : 


i  i-      i  yOH 

HSO,^  H.C.-N  =  N  -  C.H.C  ^L 

OH. 

I,  B,  b,  I.  Monoxy-azo-naphthalene  dyes,  as  pointed  out  above,  baloQg 
either  to  the  a  or  |9  naphtbol  Beries,  of  which  commercially  the  3  or 
urlho-cumpouDcla  are  considered  beat,  because  they  are  not  so  Imble  to 
change  their  tint  under  the  influence  of  acids  or  bases.  The  a-naphthol 
dyes  are  especially  subject  to  colour  changes,  if  the  hydroxy!  group 
occupies  the  pniupoi^itian- 

Nearly  all  naphtbalene  dyes  in  the  trade  are  fiulphonic  acid  com- 
pounds, being  niannfactured  from  the  following  naphthol  sulphonic 
acids,  in  which  the  bydroxyl  group  is  represented  by  |  and  the  sul- 
phouic  acid  (SO,H)  by  +  (Nietzki). 


arnapJuhcl  nUphonie  acid*. 


monocolphonic  acid 
of  Nevile  and 
Winther  (i  :  4) 


/\/\ 


monoBulphonic    acid 
of  Schollkopf  (1  :8) 


+         I 


\Ay 
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+        1  +1 

diBulphonicacid  S  or  y\y\      triBulphonic  acid  for    y\>/\ 


d-acid  of  ScholUu^ 
(1:4:8) 


chromotrope 

(1:3:6:8) 


W 


^\/\/^ 


fi-naphthol  ndphonic  aeidt. 


monoBulpbonic  acid 
3  or  Schafifer'a  acid 
(2:6) 


~*  monoeulphonic  acid  a  y/\//\. 
or  crocein  acid  (2:8) 


■"xA/ 


disalphonic  ac^d  B.     \        J        |—  di 
(>:3:«) 

•"xA/ 


\y\/ 

+ 

diflulpbonic  acid  O      y\    y\ 
(a:6:8)  ^     N^     N 


v\/ 


triBulpbonic  acid 

(2:3:6:8) 


A/^ 


Snltones.  Those  sulphonio  acids  of  a-naphthol  containing  the  by- 
drozyl  and  snlphonic  groups  in  the  1:8  or  periposition,  are  apt  to 
undergo  an  intramolecular  anhydration,  giving  rise  to  substances  called 
sultones.  The  simplest  sultone  is  that  obtained  by  beating  Scbollkoprs 
acid,  and  possesses  this  formula : 

o;3 — o 

AA 


I,  B,  b,  I  (see  p.  388).     Monozy-azo-dyes. 

Orange  I  (tropaeolin  000  No.  II)  is  the  sodium  salt  of  the  mono- 
Bulpbonic  acid  of  bensene-azo-a-napbthol, 

-L  ±     ±  J_ 

HSO,.C,H.-N  =  N-C„H,.OH. 

Excess  of  alkali  turns  this  salt  red,  while  an  alkali  has  no  eflfect  on  the 
following  compound : 


ORANGE  G  AND  PONCE AUX 
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Orange  n  (tropaeolJa  OOO  No.  I)  ia  the  sodium  aailt  of  tlio  mono- 
Bulphonic  acid  of  beuzeue-azoAf-uapLtliol : 

I  4  _l_  3 

HSO;e,H,-N  =  N-C„H,OH, 
Orange  G  is  the  sodium  aalt  of  ilie  disnlphonic  acid  of  beii2ene-&80- 

/S-iiaphtljol ; 

Azo-dyee  derived  from  jS-naphthol  disulplio-acid  and  tlie  higher 
hotnologues  of  diazobeuzol,  play  in  the  dyeing  of  wool  a  very  important 
part.  These  dyes  were  introduced  by  Meiater,  Lticiua,  atid  Briining,  who 
made  use  uf  the  fact  that  isomeric  difiulpha-acids  of  jS-napbthol  in  com- 
bination with  diazo  cuuipouuds,  give  rise  to  dyes  varying  greatly  in 
their  colour.  The  disulphouic  ocid  O  (see  p.  392)  will  thus  form  orange 
colours  with  the  diazo-compounds  of  the  benzene  series,  but  scarlet  tints 
with  naphthalene  derivativeB;  the  disulphouic  acid  It  (see  p.  392)  with 
dlazo-bodies  of  tlie  benzene  series  foraia  red  dyes ;  with  diazu-bodies  of 
the  xylenes  and  the  higher  horaologuea  of  benzene,  ecailet  dyes  (called 
Fonoeau  B,  BR,  HBB,  and  QV 

The  moat  importtiut  azo-dyes  aerived  from  a-naphthalene-azo-^-naph- 
thol  or  a/9  oxyazo-uaphthalene, 

I      _L  —- 

C„H,-N  =  N-C„H,OH.  ftre 

Boccelene  or  Echtioth.  which  is  a  monoBulphonic  acid,  staining 
wool  and  silk  with  a  bluish-red  colour.  It  is  iliis  compound  which  has 
superseded  camiin  for  dyeing  purposes. 

Bordeaux  B  (Hochst),  which  is  obtained  by  acting  00  a-diazo- 
naphthalene  with  ^-naphthol-dielllphonie  acid  R. 

Crystal  ponceau  6B  (C-as^ella  &  Co.),  which  is  obtained  by  acting  on 
a-dijizo-naphthalene  with  the  spirit-soluble  G  or  y-disulphonic  acid,  and 
then  joining  the  resulting  acid  dye  with  a  sodium  salt, 

Carmin-'naplitha,  which  is  an  oxyazo-uaphthalene  prepared  from 
^-diazo-naphtbalene  and  ^-naphthol,  and  is  used  for  colouring  vamishes. 

If  B,  b,  a  (see  p.  388).  The  dioxy-naphthalene  dyes,  poseessiug  the 
two  hydroxy!  groups  in  the  i  :  8  or  peripositiuu,  liehave  as  if  the  hydroxyl 
groups  were  in  the  orthopositiou,  for  they  show  a  great  affinity  for 
metallic  mordants.  This  property  is  esiiecially  well  marked  in  the  dyei 
which  have  Ijeen  called  chromotropes. 

Chromotropea,  powcMing  the  radical  chromolropic  acid,  with  this 
formula : 

8  I 


AA 
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are  characterized  by  haviug  their  colour  altered  by  different  metallic 
mordants;  thua  the  dye  prepared  fiom  diazo-beiizene  stains  wool  in  an 
acid  batt  an  eo«in-red  colour,  which  by  aluminium  salts  is  converted 
into  a  violet,  and  by  chrome  salts  into  a  deep  blue-black.  It  is  nsual 
when  ofiing  chromotropic  dyes  to  impregnate  the  material  with  them 
in  an  acid  bath,  and  subsequently  by  boiling  with  the  mordant,  for 
example  potaesium  bichromate,  to  pioduce  the  desired  colour.  The 
ordinary  procedure  of  mordanting  is  thua  reversed, 

A2ofaohsixi  ia  a  name  given  to  compounds  formed  by  the  union  of 
dioxy-naphthaleue-sulphonic  acid  S : 

OH      OH 
I  I 


SO,H 

with  diazo-toluola  and  diazo-benzene-Bulphonic  acid.  Azofucksiu  stains 
wool  with  a  colour  very  similar  to  tliat  of  acid  fuchsin,  but  is  not  so 
good  a  mordant  for  metallic  oxides  as  '  chromotrope.' 

I,  B,  c.  The  bydroxy-carboxyllo  aoid  azo-compouiids« 

All  dyes  belonging  to  this  group  show  a  special  afiSnity  for  metallic 
mordants. 

Aliaarm  yellow  (Hochst).  The  paranitro-diazo-benzene  in  conjunc- 
tion with  salicyclic  acid  stams  tissues,  mordanted  with  chrome-compoundB 
an  orange  colour  (alizarin  yellow  It),  wliile  the  isomeric  meta-combina- 
tiou  or  alizarin  yellow  GG  produces  a  bright  yellow  shade. 

Diamant  flavin  (Bayer  &  Co.  D.  E.  P.^  60,373)  belongs  also  to  this 
group,  and  haa  the  following  conetitution  (Nietzki) : 

J_  _4_        3 

H0-C,H4±C,H.N  =  N-C,H,-OHCOOH. 

1I»  A.     The  amido  and  hydroxyl-tetraso  compounds. 
Biebricter   Scarlet.     Tetraw-benzeue-^-naphthol,  or  benzene-azo- 

benzeue.azo-j3-naphthol  [H,C,-N  =  N-C,H,-N=  N— 0,^H,(OH)J 
forms  a  disul  phonic  acid ; 

I  a 

HSO,-H,C,-N  =  N-C,H,HSOg-N  =  N-C,,H,OH, 

the  sodium  salt  of  which  is  the  Biebricher  scarlet.  The  commercial  salt 
also  contains  a  certain  amount  of  the  monosulphouic  acid. 

Azo-blacks  are  compomids  poaseesiug  a  deep  blue-black  colour ;  thus 
jet-black  (Bayer  &  Co.  D.  11.  P.  48,924)  is  obtained  by  the  actiou  of 
umido-benzejie-diBulphonic  acid  on  a-naphtbylainin,  and  Btibsequently 
combining  the  new  compound,  after  having  rediazotized  it,  with  phenyV- 
a-naphthylamin  (see  also  pp.  453  and  454). 

'  D.  R  P.  =  Deutsches  Reioha-Patent  or  German  Patent. 
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Diamond-black  (Bay«r  &.  Co.  D.  R.  P.  51,504)  is  formed  nmil&rly  by 
acting  ou  a-naphtliylaTtiin  with  aniiclo-salicylic  acid^  rediazoiizing  the 
resuUiag  compound  aad  tbeu  joiuing  it  to  a-naphtLoI-sulphonic  acid  i  :  5, 
Because  of  the  presence  of  the  B4*Ucyclic  acid  radical  this  dje  unites 
readily  with  metallic  mordants. 

II,  B  and  C  Benzldin*  tetraao  compoundB. 

Bemsidiu  and  analogous  bases  after  their  convereion  into  tetrazo-Ltodies 
by  the  action  of  nitrous  acid  are  combined  with  pheiiola  and  aiuine  to 
form  yellow,  red,  blue,  or  violet  colours,  the  alkali  salts  of  which  unite 
directly  with  cotton,  and  then  become  mordants  for  other  basic  dyes. 
Tlte  two  dyes  belongitig  to  this  class  which  are  most  used  in  histology 
are  congo-red  and  benzo-purpurin  4  B. 

Congo-red  results  from  the  action  of  tetr&zo-diphenyl  on  naphthiouic 
acid  and  lias  this  formula : 

a 

Its  Bulphonic  acids  are  blue,  the  salts  scarlet-red.  Its  colour  is  readily 
changed  by  weak  acids  into  blue  (see  also  p.  445). 

Benxo-porpurin  4B  is  a  compound  of  the  diazotized  base  ortho* 
toluidin  with  /3-nsphthylamtn-/3-8uIphonic  acid  (2  :  6).' 

(C,  I)  The  Hydrazone  dyes. 

In  the  intioduction  to  the  azo-dyes  attention  has  already  been  drawn 
to  the  tautomery  existing  between  some  azo-dycs  and  hydrazoues  (see 
p.  386).     The  chromophore  group  has  this  structure : 

H 

j 

The  hydrazones  are  not  used  by  professional  dyers  because  they  do  not 
staiu  deeply  enough  ,*  their  importance  from  a  micro-obemical  point  is 
shown  on  p.  309,  where  the  staining  of  fat  is  discussed. 

(C,  2)   The  FyrazcAon  dyes. 

CH  =  CHv 
^*y"^^»    OTF       nu/^^'    i\xtXM  a  chip  of  pinewood  a  fiery  red 

colour,  and  hence  its  name.     One  of  its  substitution  products  is  pyrazol, 

^NH,  a  feeble  base  wliich  may  be  converted  into  the  ketonio 
CH  =  CH^ 

J    •      •  ,        CH  =  N\„„  , 

denvaUve  pyrazolon,    Xu   />q  /NH  (see  also  p.  315). 

'  An  enumenttioo  of  the  salphoacidii  of  i9-Qaphttiylamin  will  b«  found  in 
Niotzki's  Chimit  d.  organ.  FarbtU^f*,  p.  73  ;i90X). 
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TarttaBin  is  pi'^pared  hj  healing  together  dioxy-tartario  and  phenyl- 
hjdraziu-Bulphomc  acid,  when  a  closed  pyrazolou  riug-compoimd  is 
formed  having  this  constitution : 


HOOC-C ^C=  N-N^C,H^. 

Tartraziu  in  an  acid  bath  etains  silk  and  wool  a  golden-yellow  colour, 
aiid  also  readily  combiiitjB  with  metallic  raordautB,  such  as  chrome- 
compoundB. 


(D)  The  Azo-methin  dyes  {^ietzki). 


These  comijounda  are  closely  related  to  the  azo-ilyee.  The  chromophore 
of  the  latter,  —  N  =  N  — ,  has  one  nitrogen  displaced  by  the  trivaleut 
methin  group  =  CH,  there  being  formed  the  azo-methin  chromophore 

H 
—  C=rN  — .      The   chromogena    in    the   azo-metliinB    are   beuzylidene 
derivatives,  beuzylidene  being  a  uame  applied  to  the  group  C^Hg  •  CH  =, 
which  is  aualogoua  to  ethylideue,  CHj-CH  =  . 

BensyUdene-anilin  is  only  coloured  a  feeble  yellow,  but  by  the 
introduction  of  the  auxochrome  amido  groups  a  deep  red  colour  is  pro- 
duced. 

Fara-dimattiyl-aiiiido-benzaldehyde,  C?jH^<^^/prr  ui      (Thia  dye 

is  included  becauee  of  its  reactions  with  azo-bodies  as  described  below.) 


H 


OHO 


C,H,CHO 

Beuzaldehyde 


anilin        =   benzylidene-aniUn -(-water. 


This  henzylidene-aiiilin  or  phenyl-azo-methio-phenyl  contains  th^ 
chromophore  radical  C=N,  which  Miihlau  hae  called  the  tizo-methiu  group 
to  express  its  relation  to  the  azo  group. 

By  itself  — C(H)  =  N  is  coloured  only  feebly  yellow,  but  on  iotro* 
ducing  the  auxochrome  radical  NO,  and  also  methyl  groups  as  side-chains 


J 
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(p.  187),  its  colour  tendencies  are  greatly   increased,   as  is  ehown  by 

para-diniethyl-amido-benzoldehyde  (J.  R»  Geigy  and  Co.,  Base]). 

This  latter  compound,  in  a  slightly  acid  solution,  on  being  brought  into 
contact  with  aromatic  bases,  forms  at  once  deeply-coloured  insoluble 
aEO-mcthiu  dyes,  but  this  reaction  fails  if  aldehydes  be  also  present. 
(This  dye  h  used  by  Ehrlich  to  olitnin  a  typical  red  reaction  with  nxine; 
see  also  Pruecher's  account  in  Zeitach.  f.  physiol.  Cheniie^  31.)  Ehrlich 
obtained  a  defiuitu  rertctton  with  cartilage  as  described  on  p.  298, 

Rubifasoin  was  obtained  by  Mohtau  by  acting  on  nitroso-dimethyl- 
imilin  with  dimethyl-auilin,  and  it  possesses  this  fonnuta: 

H 

(CH,)^-C^,-t  =  N.C,H,.N.(CH,),. 

It  is  a  yellow  base  which  forms  red  salts  with  acids. 


(£)  Tbe  StUbene  dyes. 

StUbene  is  symraetrical  diphenyl-ethylene,  CgHj-CH:CH'C,H^  and 
dyes  obtained  from  it  possess,  according  to  Nietzki,  the  chromopbore 

H    H 
group  —  C=C— ,  which  latter  plays  the  same  pari  as  does  tbe  azo 
group  in  the  azo-dyes. 

The  Stm-yellow  or  Mikado  yellow  representing  this  series  has  been 
already  described  on  p.  384  as  a  nitroxy  compound,  adopting  Lef&vre's 
view. 

Direct  yellow  (KaUe)  is  a  dinitro-stilbene-diBitlphouic  acid. 


(F)   Oxyqmnonea  and  Qmnone-oximefl. 

Quinone  is  a  benzene  in  which  two  hydrogen  atoms   in  the  para- 
position   have  been  replau^  by  two   atoms  of  oxygen. 
Conatitutionally  it  may  be  regarded  as  a  ketone,   or  a  0 

body  containing  the  carbonyl  group  CO  linked  on  both  I 

sides  to  an  alcohol  radioal ;  e.  g.  the  methyl  group  CH„  ^ 

on  either  side  of  the  CO  group  forma  dimethyl-ketone     HCr        >CH 
or  acetone  (see  p.  88).  1 

The  radical  [C  =  O]  if  standing  in  a  closed  carbon-  , 

ring  is  one  of  the   most  important  chromophoree.     It     HCL        JCH 
bas  its  coloar-bearing  tendencies  still  more  developed  N<^ 

by   substituting    for    its   oxygen    atom    other   divalent  g 

radicals  such  as  sulphur  [C  =  S],  or  by  linking  it  with  0 

two  valencies  of  such  a  trivalent  substance  as  nitrogen 
[C  =  N-]. 


The  oxyquinones  are  derired  from  anthracene:   H^ 
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a  compound  which  by  chromic  or  nitric  acid  Ib  oxidized  iuto  th«  neoirmi 

BuhHtance  anthraquinone  ^S^t\f^r^)^^^• 


5  O         4 

Formul*  after  Nietzki. 

The  latter  wlien  treated  with  ordinarj  sulphuric  acid  becomes  sulpbo- 

nated    to   form    autliraquinone-^-monosuIphonic    acid   H^C^^p^^^H, 

4-  SO,H,  while  anhydrous  eulphuric  acid  produces  the  a  and  fi  disulphotuc 
acids  :  C\jHPj(SO,H),.  These  in  their  turn,  on  being  melted  with  alka-. 
He«,  have  firstly  the  Bulphonic  groups  replaced  by  hydroxyl,  and  secondly 
undergo  oxidation  according  to  the  formula  :  C,,H,0,-SO,Na  +  3NaOH 
:-  CV,H.0,(ONa),  +  Na,SO,  +  H,  +  H,0. 

The  substance  obtained  by  the  hydroxylation  and  oxidation  of  the 
Bulphonic  acida  of  anthraquinone  is  cedled  alizarin.    It  forms  orange-red 


0       OH 


— c— 


OH 


0 

Alizarin^ 

cryetnla  nud  behaves  towards  ammonia  and  caustic  alkalies  as  a  weak 
Rcid,  diBsolving  with  a  violet  colour;  but  towards  alumina,  tin,  and 
other  bases  it  acts  aa  a  strong  acid,  decomposing  their  chlorides  and 
nitrates  in  dilute  solutions,  and  liberating  the  free  mineral  acids. 
All  quinonea,  no  matter  whether  the  quinone  group  occupies  the  ortho- 
or  the  parapoaition,  are  strong  chromogens,  which  by  the  introduction  of 
auxochrome  groups  are  readily  converted  into  real  dyes. 

Quinonea  are  further  chromophores  which  cause  a  ready  electrolytic 
dissociation  of  the  auxochromic  hydroxyl  radicale,  and  thus  set  free  the 
acid  hydrogen  ion.  This  acid  character,  manifesting  itself  especially  iu 
the  oxyquinones,  explains  why  these  dyes  cau  fix  themselves  directly  to 
animal  tissues,  although  they  do  so  to  a  much  greater  extent  if  the  fibres 
have  been  impregnated  previously  with  metallic  oxides. 

The  faculty  of  readily  combining  with  metallic  oxides  to  form  lakes  is 
seen,  however,  only  in  those  oxyquinones  which  posscBs  at  least  one 
hydroxyl  group  in  the  orthopositiuu  to  tlie  quinone-oxygen  atom,  and  iu 
this  respect  oxyquinones  and  chromotropes  agree  (see  above,  p.  393). 


r 


occurs  in  the  natural  state  in  the  root  of  the  roatlder  {Nubia  tinetorum) 
as  the  readily  decomposable  glucoBide,  ruberythric  ncitl.  Besides  alizario 
there  is  also  found  in  this  plant  pui-purin  (see  helow). 

Alizarin  will  fi.t!iin  animal  tissuea  directly  with  a  feeble  yellowiah-red 
colour,  because  it  contains  the  hydroxyl  groups  in  the  orthnpopition,,  while 
intense  red  colours  called  'lakes'  are  produced  with  utumioa,  bluish- 
Tiolet  tints  with  iron,  and  brownish-violets  with  chrome-compouuds.  To 
obtain  red  tints  on  cotton  the  presenco  of  lime  Baits  in  nddition  to 
alumina  U  essential,  and  the  precipitate  bo  formed  in  the  fibres  is  soluble 
in  Carbonic  acid ;  while  if,  instead  of  using  alizarin,  its  nitro  deriTative 
[C,«H^NO,)0^]  be  employed,  a  violet  alyjnina-limc-lake  is  obtained 
which  is  insoluble  in  carbonic  acid  (see  also  p.  456). 

Trioxy-anthraquixioiieB. 

These  are  oxy  derivatives  of  alizarin.  The  best-known  representative 
of  this  group  is  purpurin. 

Farpurin,    H<<^'*<!^q/^»H(OH),   (in  the  1:2:4   position),  occurs 

along  with  alizarin  in  madder,  and  differs  from  its  fellow  in  l>eing  soluble 
in  seething  alum  sotution,  and  forming  with  alumina  scarlet-red  lakes. 

Anthragallol  is  a  broM-n  dye,  having  the  hydroxyls  in  the  1:2:3 
position. 

Tetraoxy-anthraquinoneB. 

Alisariii- bordeaux  contnina  the  hjdroxyls  in  the  positions  1:2:5:8, 
while  Anthrachryson  contains  them  in  the  position  i :  3  :  ,5  :  7.  The 
latter  cannot  act  us  a  dye  because  it  does  not  conform  to  the  rule  laid 
down  for  alizarin,  as  it  does  not  contain  the  hydroxyl  groups  in  the 
orthopositiou.  By  itF  sulphnnatiun,  nitration,  and  subsequent  reduction 
there  is  formed,  however,  diamido-authrachrysou-snlphonic  acid,  which 
behaves  like  an  ordinary  acid  dye,  staining  animal  tissues,  in  an  acid 
bath,  yellow.  By  ita  actaon  on  tissues  whicli  have  been  mordanted,  and 
which  contain  chromic  oxide,  the  bine  cotonr  acid,  alizarin-blue  BB  S  ia 
formed. 

Pentaoxy-anthraqninones  (see  alao  p.  456). 

AliEariO'Cyamn  hue  its  hydroxyls  in  the  position  1:2:4:5:8. 


Hexaoxy-anthraqitinones. 
Ruflgallio  acid,  with  lite  hydroxyls  in  the  position  t  :  2  :  3  :  5 :  6 
dissolves  in  alkalies  with  a  violet  colour. 

*  D.  R,  P.  75,49a 
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Alizarin-blue  [C,^,NOJ  stands  to  alizai-in  in  the  s^roe  relationship 
as  does  qutuoliu  to  benzene  (see  abo  p.  456). 

O        OH 


QutnoUn. 


\^^!V\ 


Alizarin-blue.    \^y^ 


N 


It  acta  as  a  weak  base,  stains  directly,  and  also  forms  lakes,  ihoee  with 
chromic  oxide  being  of  an  indigo-blue  colour.  The  sodium  bisulphite 
salt  (alizarin-blue  S)  is  colourless,  but  on  heating  decomposes  into 
alizarin-blue. 

(F,  3)  Quinone-ozinies  (nitroso-phenols). 

These  bodies  are  quinones,  in  which  one  or  more  of  the  oxygen  atoma 
have  been  replaced  by  the  divalent  oxime  group  [==N  — OHj.  ~ 

0  N-OH 

1  I 


\y     \y 


Quinone.       Quinone-oxime. 

Analogously  to  the  oxyqninones,  those  dyes  which  possess  the  oxime 
group  in  ortliopositiou  to  the  oxygen  atom  of  the  quinone,  readily  com- 
bine with  metttllic  oxides  to  form  lakes. 

Dinitro-reaorcin  [CjHjOjfNOH),]  is  a  strongly  dibasic  acid,  which 
forms  sfilifl  with  alkalies.  With  oxide  of  iron  it  forms  an  intensely 
coloured,  green  lake. 

Fast  green  or  Echtgriin  is  an  alkali  salt  of  dinitro-resorcin. 

Sraphtho-qmnone-oziine  [0,j^H,ONOH]  forms  a  sulpho-acid,  which 
in  combination  with  an  iron  suit  is  known  as  uaphthol-green  (D,  R.  P. 
28^065,  January  19,  1884).     It  stains  tissues  as  an  acid  dye. 


NOH 


IfOl 
Dlnitro-resorcin. 


NOH 


w 

Naphtho-quinone^xime 
(a-nitroBO-/3-naphthol). 


i 


CLASSIFICATION  OF  QUINONEIMIDE  DYES        401 


I 


O.    The  Qninone-imide  Dyes. 

Theae  compounds  are  lepressuted  liiy  the  following  groups: 

I.  Indatnins  (p.  40 1),  atid  iiidoiies       .  .         »         p-  40^ 

IL  Thiazins  (p.  403),  and  thiazones 

III,  Oxazius  (pp.  406—7),  and  oxozones 

IV,  Azins    ...... 

V.  Indulins         ..... 

VI.  Qiiinnxalins  ..... 
VII.  Fluoriudins  ..... 
All  substances  in  this  group  are  derivatives  of  paraquinone-diimide 
(compare  with  the  aziiia,  p.  408).  If  in  quiuonu  one  of  the  oxj'gen 
aluniB  could  ho  replaced  by  the  imide  group  (NH)  there  would  he  formed 
fjuinoue-iinide,  or  if  both  ox>'geu  atoms  were  so  affected,  the  cunipound 
pnniquinone-diiniide  would  result.  Neither  of  these  two  substances  has 
)>een  prepared  so  far,  but  sul)etittitioti  products,  nutnely  mono-  and  di- 
chlorimides,  are  known. 

O  MH  NH  Na  NCI 


P-  405 
pp.  40<>-7 
p.  408 
p.  416 
p,  416 
P-4'7 


/\ 


/\ 


V      V 


/^ 


\y 


Quinone,     Qutnotie-imidc.     Paraquinone- 
diimide. 


/\ 


\y 


Qui  none- 

cblorimide. 


/\ 


\y 


Qtiinone- 
dichiorimide. 


Further,  on  substilutiug  in  I>t'nzene  one  of  the  hydrogen  ntonis  by  the 
niniilogen  group  NH,,  the  substance  aniido-benzene  i«  farmed,  which  bat 
uIho  received  the  name  of  phen3'l-»nihi  ur  anilin.  If  fiimilarly  two 
hydrogen  atnm»  in  the  parapositiun  nie  replaced  by  two  uniidogen 
groups,  the  substance  paruphenylene-diamiu  results. 

KH,  NH, 

/^  /\ 


v 

Auilin.         Pai  njdiciiylene-dianiin. 


MI, 


I  A.    The  Indamiiis. 

On  oxidizing  a  mixture  of  auilin  and  paraphenylene-diamin,  tlio 
Ifttter  is  conveited  into  piiraquinone-dJ imide,  ]^H  =  C,H^=NLI,  and 
this  compound  on  further  oxi<lation  attaches  itself  by  means  of  one  of  its 
nitrogen  atoms  directly  to  that  cnrbon  atom  in  the  anilin  ring  which 
occupies  the  parHjxjsition  to  the  amidogen  group,  NU,,  of  the  aniliu 
(Nietzki),  thus: 

MAXM  ]>  (1 
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/\     /\ 


NH  NH,  NH        NH, 

Paraqninotie-dtimide   +    Anilia    =        Iiidftmin. 
Tlie  indamins  contain  the  cliromophore  group  : 


RN=; 


>=NIl', 


in  which  S  stands  for  hydrogen  or  the  alcoholic  group  CHj,  CjHg.  &c^ 
while  11'  indicates  an  aromatic  (beuzeiief  uapbthaJin  or  othf  r)  group. 

They  axe  weak  hases,  and  form  unstable  green,  blue,  or  violet  salts, 
which  are  \'ei-y  sensitive  to  acids,  and  readily  break  up  into  quLuoaeB, 
amiuBj  diamics,  and  phenols.  By  reduction  they  become  leuco  bases. 
derivatives  of  dipbenylamin,  which  on  reoxidation  fomi  the  original 
compound, 

3  « _*\"M       Its   salts    form   greenish-blue  water- 


HN 


=^:h'> 


Indamizi, 
Boluhle  bodies. 

Tetramethyl-indamia  or  Bindschedler's  green : 


(CH,) 


CI 


The  iodide  (CjaHjoNjI)  and  tlie  double  zinc  chloride  (Cj,H„N,Cl,)  are 
both  water-soluble. 


Tolujrlene-blue 


a 


/"  is  an  amido-indamin,  H 

E,NC,H,-NH. 

mono-acid  salta  are  blue.     The  hydrochloride  (CjjHigN^HCl)  is  watcr- 
Boluhle.     A  weak  base. 

I  D.  Indones  or  Indophenols. 

The  indones  or  indophenols  are  obtained  by  oxidizing  paradiamius 
or  para-amido-pbenols  in  conjunction  with  phenols,  when  there  are 
formed  feeble  basic  Buhstances,  which  in  the  free  state  are  of  a  deep  blue 
colour.  The  leuco-compounds  are,  however,  acid,  and  behave  like 
phenols  in  an  alkaline  solution,  nnd  are  readily  oxidized  in  the  air  into 
the  coloured  indophenol.  This  dye  is  very  B«aceptiblc  to  acids,  being 
turned  into  a  grey  colour  by  ten  per  cent,  hydrochloric  acid.  Dyers 
impregnate  material  with  the  leueo-compound,  and  allow  the  blue  colour 
to  be  generated  by  the  oxidizing  action  of  the  air  or  potasgium 
bichromate. 


THIAZINS  AND  THIAZONES 
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Tlbe  absence  of  an  acid  reaction  makes  it  highly  prohable  that  no 
hydroxyl  group  is  pieaent,  therefore  the  foi-niula  0=C,,H,:sN  — 
C,H^— NHj  is  more  probable  than  the  formula  HN=C,H.=N^ 
C,H,-OH. 

Liebermann'B  phenol  dyes. 

The  simpleti  indopbenols,  accordjnpr  to  the  formula  HO— C,H^  — 
N  =  C',H^=0.  are  probably  the  eo-colleJ  Lielierntimn's  jihcDol  dyes, 
which  are  obtained  by  acting  with  mitrous  acid  on  phenols  dissolved 
in  cou«»ntrated  sul]dinric  acid,  at  a  temperature  of  45  to  50*^  C.  They 
are  acid  bodies  of  a  blue  or  violet  colour,  and  are  soluble  in  alkalies. 

U.    TliiazinB  and  Thiazones. 

These  thio  or  sulphur-containing  Indamlna  consist  of  two  benzene 
nuclei  which  are  linked  together  by  lueans  of  a  closed  ring,  built  up  of 
one  sulphur,  one  nitrogen,  and  four  carbon  atoms.  The  uitrogcu  iu  the 
sulphur  ring  correeponds  to  one  of  the  oraidogen  groups  of  the  para- 
pht'uylene-diamin  nucleus;  it  is  iu  the  orthoposition  to  the  sulphur 
atoni,  and  in  the  paraposition  to  the  uitrogeu  atoms  iu  the  two  benzene 
rings.     Thiaziufl  are  thus  derived  from  thio-dipheuylamin : 


iO^     No^     \(X      ^CH 


HO  C  0  CH 

E  H  H 

Thio-d  iphen  jlamiu. 


V\/v/ 


Thiazin. 


Thiozone. 


n  A.    Thiggina. 

(a)  Imido-thio-dipheaylimide  is  the  simplest  thiazin,  oontaining 
only  one  imido  (Nil)  and  no  umido  (Nil,)  radical.  Its  hydrochloride 
(C„H^',SHCl+iJU,0)  is  soluble  in  water  with  a  bluish-violet  tint 
It  also  forms  a  double  salt  with  zinc  chloride,  (C,,H,N^HCl)jZnCl, : 


/VVNnu  H../V/N 


\y\/\y       \Ay 


RH 


Inudo-thio-diiibenylimide. 


Thionin. 
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(b)  Thionin,    Lauth's   yiolet,    or    Amido-diphenthiazln. 

oonatitution   it   dificrs    fnim    tlve    most    aimple    iudnmiu  in    poss^ssiny' 
a   Bulphur   atom.      Tiio    base   (C,,H,N,S)    is    soluble    in    alcohol    wi " 
a  recldish-viulet  colour,  while  its  hydrochloride  (C',^H,NjSHCl)  is  rrut 
soluble.     By  reduction  it  becomes  para-diomido-thiD-diphenylamiu. 
formula  ia  given,  above. 

Ozonin  is  thioniu,  \n  which  the  sulphur  atom  has  been   replac 
hy  iiu  atom  of  oxygen,  and   belongs  to  the  class  of  oxazins  (p.  407). 
This  dye  wjis  first  iulroiluced  by  Ehrlich  '. 

(c)  Toluidin-blue  has  three   inpthyl  groups  (CHj),  of  which  two 
replacfi  th«  two  atoms  of  bydiogeu  in  the  anudogen  group  of  thioi 
while  thti  third  metljyl  radical  ia  attached  to  the  iiuide  group  (NH)] 
thiuniu : 


CH 


HN 


.S^ 


HCl 


^v  \/v 


NCCH,), 


\A.„/\/ 


L 

W  The  double  zinc  ?alt  nhould  hki  carefully  avoided  for  intra  vitflm  staiiiiug. 

I  (d)    Methylene-blue    (the   chloride    of   tetramethyl-araido-dip 

I  ilitaziti).     It  diHers  from  thionin  by  possessing  four  methyl  groups  joit 


(CH^ 


-N-A/'W 


,N  =  ^CH,), 


/ 


CI 


\A.^/Nv/ 


and  to  link  on  to  an  atom  of  chlorine  to  form  the  chloride  of  isethylei 
blue  (C^HjjNjSCt).     TJio  latter  is  therefore  an  ammonium   base, 
obtain  the  bate  from   its   smalts?,  the  chloride  umst  be  decomposed  yt\\ 
oxide  of  silver,  when  thi-re  results  ((',^H,jNj|SOH). 

It  is  this  base  which  Lavei-au  calls  Bk-u  Borrel  ^.     To  obtain  the  ba 
he  treats  a  saturated  Bokitioa  of  methylcue-hlue  for  a  whole  week  wit 
freshly  precipitated  silver  oxide,  prepared  by  adding  sodium  carbonate 
silver  nitrate,  and  carefully  wasbitig  the  precipitate. 

Tiie  commercial  methyleue-blue  is  a  double  zinc  chloride,  and  sliool^ 
be  avoided  in  histology  for  intra  vitara  staitiing,  Leuco-methylciie-blue, 
the  formula  lor  which  is  given  on  p.  189,  is  tetramethyl-diamido-Uiio- 
dipheuybuiiiji. 

As  most  other  anmionium  bases,  methyleue-bbiB  shows  little  affinity 
for  wool  (Nietzki).  The  action  of  alkalies  ou  methjiene-hlue  and  the 
production  thereby  of  methyleue-violet  (see  below)  and  the  rud  methylene- 
azur  was  first  stmlied  by  Benithaen  {Liebig'a  Ann.  18S5,  1889).     Uima 

'  Through  the  great  kindness  of  Ehrlich  I  have  boon  enabled  to  investigat* 
the  properties  of  this  dye.     It  is  iKvt  to  he  obtained  comniercially, 
»  C.  U.  Sue.  d.  BuiL,  Paris,  (tl)  t,  1,  250  (1899). 
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discovered  that  the  «»me  change  occurs  BpoDtaneously  in  methylene-blae 
folutioiis  which  have  lieen  kept  for  a  long  time,  and  it  is  this  mixture  of 
dyes  wiiich  is  found  in  the  '[loly chromic  methylene-blue '  advocated  by 
Uuna '. 

lloBiu  and  Schiranielpfeng^  have  also  invctstigated  the  action  of  alkalies 
on  other  basic  dye^,  namely  toluidiu-blue,  gafranin,  dahlia,  magenta- 
red,  neutral  red,  methyl-green,  mt-thyl-violet,  and  congo-rfd. 

Nodit  and  Rubin  fuund,  independently  uf  one  another,  that  on  bring- 
ing mcthylene-blue  and  eosin  together  there  is  furmed  methylene-azur, 
along  with  uthcr  compounds,  which  will  be  dealt  with  later  (p.  442). 

G.  Cohu'  hoa  preparecl  benzoyl-,  anisyl-,  prr>pJonyl-,  butyryl-,  and 
Vftltryl-leuco  comptjunds  from  the  methylene-blue  double  zinc  chloride, 
from  etbyleno-blue  and  uew-intthyleue-blae.  All  the^e  leuco  bodiea  are 
permanent  outside  the  body,  but  when  injected  or  brought  in  contact 
with  living  tissue?,  become  decomposed  into  tlie  coloured  methylene-blue. 

Kew-methylene-blue  N  (( 'asflella  &  Co.)  is  a  compound  analogous 
to  the  ordinary  metliyl»?i»e-blue,  but  is  j»repared  from  para-nitroso-ethyl- 
ortho-tolnidiii,  instead  of  nitroso-diuietbyl-anilia. 

^k)  BCothylene-green  i»  muno-nitro-methylene-blue,  and  acts  as  a  base. 
It  is  obtained  from  methylene-blue  by  the  action  of  nitrous  acid.  It 
gives  good  results  in  combination  with  eosin,  and  also  as  a  substitute  for 
methyl-green  in  Ehrlich's  mixtures  (see  p.  231). 

(p)  Thio-carmin  is  obtained  from  nitroso-ethyl-benzyl-anilin-sulpho 
acid,  and  is  an  acid  dye,  because  ii  contains  in  each  of  the  two  benzy* 
remainders  a  Hulphonic  nidiaU. 

(o)  Methylene-Tiolet.  On  boiling  methylene-blue  with  an  alkali, 
there  are  formed  (1)  a  violet  basic  substance  (C„H,^ON,),  methj'lene- 
violet,  containing  only  two  methyl  groups,  and  (2)  sulphonic  acid  methy- 
lene-blue or  methylene-.izur  (('jjHjjN,SOj)  (Beruthsen). 

(h)    Methylene-red,    C1(CH,),N  =  C.H.'^g^S,  is   formed   along 

with  methylene-blue  by  the  oxidation  of  dimethyl-para-phenylene-diamin 
in  the  presence  of  a  large  excess  ofH,,S^.  Its  hydrochloride  is  extracted 
from  watery  solutions  by  phenol.  Alkalies  destroy,  while  acids  regenerate 
the  colour. 

II  D.    Thiacones. 

The  thiazones  bear  to  the  thiazins  the  same  relation  as  do  tlie  iudo- 
phenols  to  the  indamius,  as  the  amidogen  group  NH,  is  replaced  by  an 
atom  of  oxygen : 

8  O 


kX  IJflMA  aallad  the  red  mi^thylenc-azure,  metbylenp-rrd,  a  term  which  had 
tiottsr  to  rwlristll  to  tho  Bul>ataace  mentioned  abovo  under  F. 
•  Rosin  and  Schimmelpfeng  :  C'.ntrnH)Lf.  PhyaiU.  13,  as-6  (1899). 
»  O.  Cohn  :  Ber.  S3  [10],  1567-68. 
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Thionolin  is  obtained  from  thionin  by  boiling  with  alkalies,  the 
imide  group  being  replaced  by  an  atom  of  oxygen.  This  componnd 
bears  to  thionia  the  same  relation  as  methylene-violet  does  to  methylene- 
blue.    It  is  a  basic  substance. 

Thionol  (dioxy-thio-diphenylimide)  differs  from  thionin  in  harin? 
the  imide  group  replaced  by  oxygen,  while  the  amide  group  is  Eubstitnted 
by  hydroxyl  (OH).  It  hU  the  baJsic  character  of  thionolin,  bnt,  owing 
to  the  hydroxy],  acts  also  as  an  acid,  and  this  latter  characteristic 
-preponderates : 

n,H,— -OH 


ThionoL 


Gallo-thionlxL    This  substance  also  acts  both  as  an  acid  and  as  a  base, 
for  it  can  form  salts  with  acids  and  with  bases : 

C.H,— N(CH,). 

<C.H>0 
HOOC         OH 


III.    Oxy-indaminB  (Ozazins)  and  Oxy-indoneB  (Oxazones). 

These  dyes  are  derivatives  of  phenoxazin,  and  they  correspond  as 
regards  general  molecular  structure  with  the  tbio^compounds,  only  that 
instead  of  possessing  a  sulphur  atom  in  the  ring  which  joins  two  indamin 
or  indophenol  nuclei,  they  contain  an  oxygen  atom.  In  the  oxazones  the 
imide  group  of  the  oxazins  is  replaced  by  oxygen,  thus : 


.NH, 


N 
Oxazin. 


H 

Phenoxazin. 


/HH, 


N 
Oxazone. 


OXAZINS  AND  OXAZONES 

III  A.  Oxazins. 

Oapri-blue  [chloride  of  tetxameUiyl-amitlD-dljiheDazin].    A  base. 

CI 


(OH,),N 


\ 


N/V^V/\/' 


Capri-blue. 

Naphthol-blue  (Meldola)  [chloride  of  dImetbyl-napbtho>phenaz  iu 
(C„HuN,OCl).     Abase. 


kA„y-f 


MeldoWa  blue. 

ITile-blue  is  uapbthol-blue  containiiig  an  additional  amiJo  group,  and 
is  for  ihiii  rc'usou  a  strong  base : 

CI 


CCH,),N 


\/\y 


'N 
Nile-blue. 

lTdw-metIiyleiie>blue  is  dimetltylated  naphthol-blue,  or  (be  chlorido 
of  diamido-tetratnetliyl-naphtbo-pbeuazin.  (See  above,  p.  405,  for  Kew- 
methjlene-blue  N.) 

m  B.  Ozasones. 

Be8orQflQ(Di&80-resonifln  ofWeselsky)  is  an  acid  dye  because  of  tbe 


\/\/\y 


Beeorofin. 

bydroxyl  group  it  contains ;  the  potash  lalts  are  readily  eoluble  in  water 
with  a  vennilion-iike  fluorescence.     Its  tetrabrom  derivatiTe  forms  with 
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alkalies  a  blue  solution,  and  stains  animal  ti&sties  a  bluisli  red,  and  is 
called  fltior<>sciiig-blue.     The  aoJiura  salt  is  C,jH5Br,NOjNa  +  2H,0. 

Tetrabrom-resazuriii,  CjjHjBi-jNO^,  is  a  non-fluoreeceat  dye,  whicli 
by  reductiou  is  converted  into  the  fliie>ro&ceiit  tetrabrom-resonifiji.  Its 
flodium  Bait  is  C|jHjBi\N0^Na-|-2H,0.  The  oxygen  atoro,  which  is 
readily  given  off.  is  probably  joined  to  the  nitroso  or  isouitroso  group. 
Of  the  two  following  formulae,  the  first  i»  analogous  with  azo-oxy benzene : 


^OH 


/ 


OH 


M\/^ 


Vvyx/ 


Basonifamin   and  Oroinifamin  are  amtdo-oxazoDes  of    resorafin 

and  orcirufin,  according  to  the  formula : 

Ok  ^  yOv  >v  xNH, 


\/\,A/ 


Heaorufamia,  CuH^NjOj,  is  obtained  by  the  action  of  quinone  di- 

cliloriuiide  on  a  hot  alcoholic  Bolutiou  of  resorcin. 

OrcirufamiDf  CjjH,(,NjOj,  ie  formed  in  an  aoalogous  manner  by  the 
interaction  of  quiuone  dichloiiniide  and  orcin. 

Eoth  thcBe  dyes  are  soluble  iu  alcohol  in  the  free  state.  Being  weak 
ba6e&,  tliey  combine  with  acids  to  form  red  fluorescing  ealts. 

Triphendioxazin  is  the  name  giveu  by  P.  Seidel  {Her.  23,  182)  to 
a  substjinee  first  prepared  by  G,  Fischer  [Journ.  /.  pr.  Chem.  19,  317) 
by  the  oxidation  of  ortbo-amidophenol,  and  belonging,  according  to 
Nietzki,  to  the  oxazone  dyes.     It  has  this  conatitutional  formula : 

/\/\x\y''\y\ 


It  is  only  slightly  soluble  in  most  solventB,  and  eubliines  partly  without 
undergoing  decomposition.  Iu  concentrated  sulphuric  acid  it  dissolves 
with  a  blue  colour. 

IV.  Azins. 

The  dyes  in  this  group  result  from  the  union  of  one  molecule  of  ortho- 
diamin  with  one  molecule  of  ortho-quinol.  Those  two  molecules  aiTange 
themsi'lves  in  such  a  way  that  the  hydrogen  atoms  of  the  two  amidogen 
groups  (NHj)  of  the  ortho-diamin  unite  with  the  oxygen  atoms  of  the 
ortho-quinol  to  form  water.  , 


AZINS 


409 


H- 


V"" 


-N  =  H,      0  = 


-n 


.Nv 


/\r\/\ 


\/-s/ 


Ortho-diamin        +     Ortho-quLaol    = 


Flieiuziii. 


The  two  iiitrogen  fttoma  then  join  the  reniainders  of  the  ortho-iltaniiii 
and  ortho-quiiio]  molecules  together,  iu  such  u  way  tlmt  a  new  ring  is 
formeil  cuusistiu^  of  two  iiitrojijeii  and  four  cnrhon  ittomsi.  This  process 
is  analogous  to  that  described  for  anthriu'cne  compounds  (p.  398)* 

The  chromophor*  is  the  group  Ciyj^i  which  serves  to  tix  the  dyes  to 

the  tissues. 

Phenazin  is  the  Himplest  type  in  this  group.  Its  basic  character  is 
so  fi'eblo  that  ita  bqUs  aro  decomposed  by  water.  On  introducing  the 
hydroxyl  group,  OH,  weak  acid  dyes  are  formed,  while  by  the  introduc- 
tion of  one  ainido  group,  Nil  j,  as  in  the  eurhodins,  weak  baizes  result 
only  slightly  {stronger  than  phenazin  itself.  Two  or  more  amidogen 
groups,  however,  strengthen  the  basic  character  of  the  chromophorc  to 
such  an  extent  that  strong  dyes  are  the  outcome. 

Thot  azina  are  related  to  indamins  Is  shown  by  the  convfreion  of  the 
iiidiuuiu  toluylene-blue  (p.  402)  into  the  azin  toluylene-red  (p.  410)  by 
prolonged  lnoiling,  which  causes  the  blue  topirt  with  the  hydrofjen  of  its 
amido  group,  tlie  remaining  nitrogen  then  participating  in  the  formation 

of  the  azin  chronicphore  Cxry  . 

The  aziuH  include  the  following  types  of  dyes: 

(i^  Tlie  amido-azins  or  curhodins    ....  p.  409 

(2)  The  oxy-ozius  or  eurhodols        .  .  P-4i' 

(3)  The  s&franins  .         .         ,  .  p- 4*2 

(4)  The  aafruDoIs P-  4 '  5 

I.   Amido-aBinB  or  eurhodins. 

Both  mono-  and  diamido  compounds  exist. 

(a)  The  mouo-amido-azins  are  feeble  Imgic  dyes  owing  to  the  group 
NU,  and  possess  a  yellow  colour.  The  red  mono-acid  and  the  gieeo 
diacid  compounds  arc  both  decomposed  by  water,  as  is  shown  by  silk 
which  is  stained  re<l  becoming  yellow  on  washing. 


BJS, 


\/\/ 


\ 


/ 


/ 


\/\./  L/ 


Anudo-pheUHzin. 


Eurhodin. 
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Enxiiodiii  ia  a  jmltxw  coae  rcsnitinff  fnnn.  tiw  aetiiaa  of  qaxaaoe 
diciui->r-diiiiuiie  oa  ,3-oaphsayIamiii.     la  red  alts  are  decmnpoMd  br 

>6y  The  ■liamiAxana  are  aohdrrided  infio  (i)  synnnetrie  (Higg»  in  which 
4*adi  benzene  anfcIeoB  rotitirnii  one  amidoffen  znyop,  aad  (2)  aayinmccnc 
compoanda,  conTaining  both  amidngea  ndicala  in.  one  hniinit*  nncleas. 
la  hoth.  grrMpa  the  nisrooen  of  the  fienjPTte  rinoa  m  in  the  par&posisioa 
to  the  iutn:a«ti  of  die  centcal  or  azin-rmg: 

Ajymmecrical  tiianridn-yhenaarin  was  first  made  by-  Gncs  W  oTHJiTing 
ortho-phenyLoie-Hiainin : 


y-.y^./^^y^ 


HJ. 


Aiymmetneal  SjBunecncal 

DJaaudo-phwmTTTi 

Synunetrieal  eompoonda,  of  which  the  wmpfcafc  is  obtained  br  the 
oxidation  of  triaaido-d^thoijlamin,  are  hasie  in  diazact^  and  form 
red  mono-acids. 

T(^7leii»>red  or  trimethji-diaaudoeoin  is  obtained  bj  hmting  the 
amidoisdamin  tolajiene-bfaie,  wfaoi  the  latter  gires  off  two  atoms  of 
bjdrogen  (see  abo-re,  p.  402).    Its  chloride  fionns  neotral  red. 


Tolnylene-red. 

Hentrml  red  is  a  basic  dye,  which  has  recsTed  its  name  from  its 
oentral  colour,  which  is  neither  red  nor  yellow.  The  slightest  trace  of 
alluili  converts  the  Deutzal  tint  into  yellow,  while  the  carbonic  acid  in 
orrlinaiy  tap-water  is  sufficient  to  turn  the  ceatral  tint  into  »  pink  or 
fochsin  colour.  With  strong  hydrochloric  acid  it  tnms  blue.  Its  aohn- 
bility  in  normal  saline  b  leas  tlun  i :  1,000.   Its  chloride  has  the  fonnnla: 


N-CCH„\ 


''^N/x.A/ 
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ITeutral  violet  is  similar  to  neatral  red  in  coostitution,  being  also  a 
base.     Its  chloride  bas  tbe  formula : 


H,N 


^/' 


\/\. 


I 
CI 


a.   The  Oxy-onns  or  eurhodola. 

These  subatanoea  posseea  both  basic  and  acid  characters,  and  may  be 
obtained  by  heating  the  amido-azius  with  concentrated  hydrochloric 
acid  at  180*^0.  The  dioxy-azine  may  be  farther  symmetrical  or  asym- 
metrical. 

Mono-ozy-azias  ore  represented  by  ozy-naphtbo-phenazin  : 


WTien  this  compound  is  treated  with  methyl-iodide  (CH,I)  it  forms  tiro 
ifomeric  methyl-ethers,  of  which  one  has  the  methyl  group  attached  to 
tlia  oxygen,  luid  the  fitber  to  the  nitrogen.  Kehrmauu  and  Mesbinger 
(bn'.  34,  p.  2 1 61)  conclude  for  this  reason  that  oxy-naphtho-pheDaziu 
forms  the  following  tautomers : 

H 

HOQ^nr  I  \C,H.  and  O  =  C,A<     >C«^« 

Nietzki  believes  tbe  mother^sttbstance  of  this  dye  to  be  the  ammonium 
base 

/\ 

HO      CH, 

This  base,  on  coming  into  contact  with  tbe  acid  sulphonic,  carboxylic. 
or  hydroxyl  groups,  forms  salts  with  these  acids  because  it  possesses  the 
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ir.r  ■At^.:j  'j{a)6*\  ux3Xi'r^i3B  ZT'JC^  Kbd  tlierelsRr  ri  is  jMMurWw-  for  ijc  f;* 

•J       CH. 


3.  The  SafrmiiiB. 
A  ^T**.!  aac-T  OTfji.  -iifiaiug  "■idt] j  ix  oLkt  oaasatnt5cni  ikzic  jrc^erties. 

r':i4i%  iijfi  i'j'^i  i.hr<!cet  nry/za^    Owing  m»  tLc  tasidosBD  ctcvcts  scrtajT.'v^- 

ib^f  lL«  u:3:j  '.-Lrr.«b<:ji]Kfre;  \  ^y  all  sainxixis  resesiUe-  is  th^r  srrccij 

)Afci«;  «jj2;r«i'.i«r«   xu*:  «;[uikt«Tuaj  amaxizacai  lases.    Tbex   SiTV:  isfciIt 
7ixis;i-jiik'.-*.'jr*A  br  tL^  Crxldjaicu  of  one  ]iK*j«eDlt  of  r"*'^-^"^-^"^  wzit  vr: 


H.5/ 


/  . 


Phencr-safrauiu  chloride  (Xietzki). 

nnAw}i]*fB  of  monamin.  The  red  Mifnuun  of  commerce  is  nearit 
alwavs  ao  oxidation  prodact  of  one  molecule  of  para-tolnylene-diamin, 
oiie  molecule  of  ortho-tolaidin,  and  one  molecule  of  anilin. 

If  one  introduce  alcohol  radicals  into  the  red  safranin,  its  colour  is 
chaufred  iuto  violet,  while  methoxvl  (OCH,)  and  etboxyl  (OC^HJ  turn 
itjj  colour  into  yellow. 

If  feafranin  sulphate  is  decomposed  with  the  exact  required  quantity  of 
tiarium  hydrate,  the  red  water-soluble  base  may  be  obtained,  which, 
Jiowever,  in  the  presence  of  carbonic  acid  forms  the  caibonate. 

Indoin  is  a  blue  basic  azo-dye,  obtained  by  combining  diazotiaed 
safrauiu  with  /3-uaphthol,  and  capable  of  fixing  itself  directly  to  cotton 
}jy  roeaus  of  its  azin  group. 

fsofranins  may  be  divided  into 

(a)  Henzeue  compounds  .         .  P-  4i3 

(6)  Naphthalene  compounds .  .  P*  4^4 

(c)  Compounds  with  an  aliphatic  azonium  group     .  p-  414 

{d)  Apo-safranins p>  415 
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I 


(a)  Benzene  aafranins. 

FheDO-safranin  is  a  phenyl-aiumonium  compound  of  the  symmetric 
diainitto-tih^-tiitziD.  If  tho  plieria-Bufrnnin  I'lilurido  is  ireate<l  with 
glftcijil  jicftic  acid  rihI  sotlium  oct'tntf,  the  ftincetyl  hytlrochloride 
C'i,Hia^\(C8lliO)gHCL  is  obtained,  which  is    soluble   in   alcohol  with 


H,K 


</\/T\/\ 


NH. 


^-^:4x 


Pheno-safranin  chloride, 
a    violet    colour    and    aetu    as    a   stroDg   base.— A    diazo    compoucd, 

r         t 

C„H„N,(HC])  N  =  NC1,  ia  obtained  by  acting  on  an  acid  solution  of 
phfuo-salrauin  chloride  with  nitrous  i»cid.  Its  chloride  is  the  cora- 
monest  aalt.  It  possesses  iu  solution  the  blue  colour  of  the  dibnsic  Baits 
of  Bafraniti,  but  wbilo  the  blue  colour  of  the  fmfniniii  dibasic  salt 
disappears  ou  dilution,  that  of  the  diazo  compound  remains. — If  nitrous 
acid  is  added  to  the  trtbrisic  green  solution  o£  pheno-safranin  in  H,SO^, 
one  ubtaiuB  a  grcvu  sulution,  on  dilution  with  water,  wliich  is  u  tutrazo 
cotn|)ouud  of  safrauin.  (See  also  p.  444,  ou  combinations  of  eafranin 
with  ftzo-dyea.) 

Dimethyl  pheno-aaAraniJi  (C\,H,,N«(CII,)j),  obtained  from  one 
raolleculo  of  dJmetbyl-pura-phc'uylene-diamin  and  two  molecules  of  uniKu, 
forms  a  hydrochloride  (C^^H„N^HC1)  and  a  double  zinc  salt  called 
Fuchaia.  By  combining  nitroso-dimethyl-auiliu  »ud  xylidin  QirolB^ 
is  fonnetL 

Both  diethyl  and  dimethyl  safranins  form  primary  diazo'bodies  of  a 
pure  blue  colour,  which  combine  with  phenols  to  form  axo-dyes. 

Tetramethyl-pheao-safVaniQ  is  prepared  by  the  interaction  of 
equiiuolecular  (juantities  of  dimethyl-para-phenylene-diamin,  diraethyl- 
oniliii,  and  unilin. 

Amethyst-violet  is  the  analogous  diethyl  double  zinc  salt  and  is 
neither  attacked  by  nitrous  acid  nor  glacial  acotic  acid. 

Mauveine  is  less  basic  than  eafranin-  Its  mono-acid  salts  are 
reddish-violet,  and  stain  wool  with  the  bluish  colour  of  thu  free  base. 
This  is  the  first  coal-tar  colour  which  was  mnuufaclured  for -commercial 
purposes  by  Perkiu  in  1S56..  That  muuviijje  was  a  snfrauin  was  first 
shown  by  A.  W.  Ilofmaun  and  Geyger.  Its  constitutional  formula 
is  this: 
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Maaveine : 


c,h; 


NH, 


Dimethyl-pseiido-maayeine  or  Indairin  is  a  blaish-violet  dye 
C,H.N  =  C,H,<^Xh.N(CH,), 

I 
C.H, 

containing  in  its  commercial  form  a  greenish-blae  admixture. 

(6)  Sajraniru  of  the  najphthdletu  $eries. 
Kagdala  red  or  naphtho-safranin  (naphthalene  red).    It  is  fluorescent 

-N- 


and  possesses  the  strongly  basic  characters  of  the  safiranins. 

Baseler  blue  (Armschein).  A  dimethyl-phenyl  derivative  of  the  mixed 
naphtho-pheno-safranins.  It  differs  from  the  true  safranins  in  only 
having  one  of  the  aoxochrome  amidogen  groups  in  the  paraposition  to 
the  azin  ring. 

-/n/\-  NHC,H,. 


V^v/ 


(e)  Safranins  with  cm  alijphatie  (zsonium  group. 

These  are  derivatives  of  the  methyl-  and  ethyl-diphenyl  azonium 
chlorides.    A  safranin  is  formed,  for  example,  if  meUiyl-tolgylene-diamiA 


APaSAFRANlNS 


4x5 


IB  oxidized  along  with  paradiamin   according  to  the  following  scheme 
(Nietzki) : 

B      CH, 

V 


n.N/\ 


H,C 


CH, 
N-H 


+ 


\y 


H,N 


|5H,       H^- 


/X/ 


H,C- 


\/^ 


-NH, 


\/\,A/ 

Safr&nin. 


Methyl-toluylene-         p^ji^^i^      = 

uianijn 

{<i)  Apo-sa/ranint. 

Apo-flftfranins  differ  from  the  true  Bafranins  in  containing  one 
amidogen  gronp  less  and  are  therefore  weaker  bases.  If  pheno-safraniu 
is  boiled  with  alcohol  one  amido  group  is  removed  and  a{>o-safrauin  is 
formed.  Its  salts  do  not  fluoresce  in  alcohol,  and  are  of  a  fuchsin  colour. 
It  forma  nitrates  and  double  zinc  chlorides,  of  which  the  latter  are  more 
•oh)  hie. 

Boeindulin  ia  formed  by  the  interaction  of  benzone-azo-a-naphthj'l- 
amiu  -f  auiliii  +  alcohol  under  pressure  at  1 70°  C.  Ita  chloride  forms  a  red 
solution.  A  disulplio  acid  goes  by  the  aaxne  name,  therefore  care  is  needed 
in  ordoriog  this  dye. 


4  y"Vi 

HN  =  CjjHjv  a  /CjH, 

I 

The  base  Rosinduliu. 
Fhenyl-rosiiidulin  (used  to  be  called  rosinduUn) : 


I 


Axo-oarmin,  being  a  disulphonic  derivative  of  phenyl-roeiodttUn,  ia 
strongly  acid. 

.  4.  Tbo  SafyanolB. 

Bafranole  are  obtained  from  safranin,  apo-safranin.  and  rosindulin,  by 
treating  thi-se  with  alkalies  or  concentrated  acid«,  when  nitrogen  atoms. 
Dol  belonging  to  the  aiin  group,  are  excbange«l  for  oxygen.  Thua  by 
pcolMiged  boiling  with  baryta  water  or  alcoholic  caustic  potash  pheno- 
■afranin  ia  converted  into  the  safranol 


4i6  THE  CHEMISTRY  OF  DYES 

N 
C.H/|\C,H, 
\   ^W 
\    /\ 

O     C,H.--OH 

Safranols  are  readily  soluble  in  watery  ammonia  or  fixed  alkalies  with 
a  red  colour. 

V.  Indnlins. 

When  azo-benzene,  amido-azo-benzene,  azo-oxy-benzene,  and  nitxth 
benzene  are  heated  up  with  anilin  chloride  or  other  aromatic  amins, 
indnlins  are  formed,  the  molecular  structure  of  which  has  uot  as  yet 
been  ascertained.     All  the  dyes  are  basic  substances. 

Indamin,  CgfHjgN^.  Its  hydrochloride  is  water-soluble  with  a  bluish- 
violet  colour. 

Indulin  SB,  Cg^^HjjN,,  is  probably  the  antlido  derivatiTe*  of 
indamin,  while  Indulin  6B  is  phenylated  indulin  3B  or  CmH^^N^.  All 
indnlins  are  readily  converted  into  sulpho  acids,  the  ease  with  which  this 
may  be  accomplished  depending  directly  on  the  number  of  phenol 
groups  present.  The  greater  the  number  of  these  the  easier  the 
transformation. 

Faraphenylene  blues  are  strongly  basic  substances,  owing  to  the 
introduction  of  amido  groups  into  the  phenyl  radical  of  the  indulins. 

They  are  obtained  by  substituting  paraphenylene-diamin  for  aniliu 
in  the  amido-azo  or  azo-benzene  flux. 

VI.   Quinoxalins. 

The  simplest  quinoxalin  is  obtained  by  the  action  of  o-phenylene- 
diamin  CjH4(NH,)2  on  glyoxal,  CHO-CHO,  and  has  this  constitution : 

C-H 
I 
C-H 

The  substance  obtained  by  the  union  of  benzoin,  CjHB-CHOH'CO-CjHg. 
and  o-phenylene-diamin  has,  according  to  Nietzki,  probably  this 
formula : 

CH-C,H, 
I 
C Cc**» 

It  is  of  a  bright  yellow  colour,  and  fluoresces  strongly. 

'  Anilidea  is  a  short  expression  for  anilin-amides. 


I 
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7.    FIuoriBdins. 

These  Bubstaucea  were  discovered  by  Caro  and  Witt.  They  »re  only 
vciy  slightly  soluble,  aud  vary  in  colour  from  orange-red  to  violet-red. 
Their  salts  ai'e  greeuish-blue,  ttud  iu  every  case  show  a  brick-red 
fluoreticence. 

Fischer  and  Hepp  hove  found  th«  Bimplest  fluortndin,  which  tht-y 
prepared  from  diamido-phenaziu  and  o-phenyleue-diauiiu,  tlie  so-called 
bomo-fluuriDdi]!,  to  have  this  coiiBtitutiou  : 


\A«/\A«/V^ 


H 

H.  Flienyl-methane  derivativea. 
Phenol,  carbolic  acid  or  phenyl  alcohol,  C,H,~|-OH,  is  Iwnzene  ia 
which  one  of  the  hydrogen  atonia  has  been  replaced  by  the  hydroxyl 
group  OU.  The  benzene  remainder,  0,Hj,  is  called  phenyl,  and  it  may 
replace  in  methane  or  marsh-gas,  CH^,  one,  two,  or  three  of  the  hydro- 
gen atoms,  when  there  are  formed,  respectively,  mouopbenyl -met bane 
or  toluene, 

H,  =  C-C,H. 

diphenyl-methane  or  benzyl-benzene, 

H,C,— C— C.H, 

II 

^« 
aud  triphenyl-methuQe, 

I 
H,C,-C-C.H,  or  (C,B,),  =  CH 
I 
H 

On  Bubetituting  in  diphenyl-methatie  the  two  hydrogen  atoms  of  the 
methane  renuiiuder  by  oxygen,  benzopheuone  is  foiled,  which  by  reduc- 
tion is  changed  into  beiushydrole  : 

II  /\ 

0  H      OH 

Benzophenone.  Beuzhydrole. 

If  the  hydrogen  atoms  in  the  phenyl  radical  are  replaced  by  amidogea 
NH„  amido  derivatiTes  of  phenyl-methane  result.  Thua  diphenyl-metbaue 
may  become  diamido-diphenyl-methane  : 

H,N  -  H^C,  -  C  -  C,H.  -  N  H, 
H    H 
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Biphenyl-methana  deriTatives  \ 
Benrophenone  or  diphenyl-ketorie  —  C^Hj— CO— C,H,. 

Tetramethyl-diamido-benBophenono,         (Ch'{''nC*H /^^' 


or 


Tbe  latter  on  combiDing  with  acids 


Michler's  ketone,  is  a  feelnle  yellow  dye,  which  by  the  introduction  of 
bulphur  or  imide  groups  [NHJ  iii  place  of  the  oxygen  of  the  ketone 
group,  CO,  becomes  a  dark-yellow  btxly.  By  nasceut  hyilropeu  tetra- 
methyl-diamido-benzopheiioiie  is  converted  into  the  corresponding  benz- 

,/OHl 

forma  blue  salts,  which,  as  all  dyes  of  tbe  rosanilin  series,  become  de- 
colourized by  an  excess  of  acid.  The  two  most  common  salts  ai-e  the  bydro- 
cbloriile  mid  the  chloride, 

Auramin,  obtained  by  bringing  tbe  base  of  the  last-mentioned  dye 
in  contact  with  ammonia,  Cj^Hj^NjO+HjN  =  C^HjjNj-f- HjO,  is  a 
yellow  basic  dye, 

Aurtimiu  in  some  respects  seems  to  be  an  imide  of  tetramethyl- 
diamido-  benzopli  enone, 

{CH,),NC,H,v^  _ 
(CH^^C,H,/°-^^ 

while  in  other  respects  it  Iwhuves  as  an  amido  compound,  according  to 

the  pLiraquinoue  type,  thus : 


01 


I 


-K(CH,). 


This  last  constitution  allows  for  tbe  formation  of  ethyl-,  phenyl-,  methyl- 
phenyl-,  and  diphenyl-auramin  (A.  Stock). 

Pyronin  (tetnunefhyl-diamido-diiihenyl-metbane)  is  the  only  di- 
pheuyl-metLaue  ilye  built  after  tbe  type  of  the  tri  phenyl -methane 
compounds : 

H  

(CH,).N  =  /  \^cr-/  \^N(CH.),+H.O 

01  ^'^^O— ^ 

In  ibis  formula  we  hav^,  on  the  left,  a  paraquinone  ring  attached  to 
an  atom  of  nitrogen,  and  also  to  the  carbon  of  the  methane  radical 
thus  [  =  N  r=  C^H,  =  C  — H].  As  further  the  two  benzene  rings  are 
united  by  an  atom  of  oxygen  in  the  pnnipoaition  to  the  methane-carbon 
atom,  there  is  formed  a  central  ring  consisting  of  one  oxygen,  four 
carbon  atoms  belonging  to  the  two  benzene  rings,  and  one  carbon  atom 
derived  from  tbe  methane. 

Pyronin  forma  a  red  solution  with  a  yellow  fluorescence;  by  alkalies  it 

'  An  excellent  account  of  the  chemistry  of  di-  and  triphenyl-methan©  com- 
poundji  is  given  in  Victor  Meyer  and  Paul  Jacobiion'a  Lehrbuch  d.  organ,  CJk0mu, 
^  [a])  54  *n<t  105,  by  Jaeobaon  and  Arnold  ReisMrt, 
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becomes  converted  into  the  coloorlesB  carbinol  base,  and  by  acids  it  is 
tamed  yellow. 

A  sabetitutiou  product  of  pyronin,  containing  a  sulphur  atom  in  place 
of  tbe  oxygen  atom,  has  been  obtained  by  Sandtneyer,  who  acte  on  tetra- 
iDeibyt-diamido-dipheuyl-methaue  with  the  se&quioxide  of  sulphur  (ob- 
tained by  disBolviug  Bulphur  iu  fuming  sulphuric  acid).  It  is  a  red, 
fitrongly  fluorescent  body. 

Triphenyl-methanes. 

Great  difference  of  opinion  exiata  as  to  the  internal  etructure  of 
IripJieiiyl-methanc  compounds  and  their  salts.  By  oxidizing  triplienyl- 
metbane  with  chromic  acid  there  is  formed  triphenyl-carbinol  (C,Hj)  = 
C^OH.aiid  the  chief  hoinologue  of  the  latter  is  diphetiyl-w»-toluy!-carbinol 
lit  3-raethyI-tripbenyl-carbinol.     This  ia  the  raother-Bubatance  of  rosaui- 

OH 


<Z>4-<I> 


/\ 


CH, 


Hn,  and  is  readily  converted  into  amiclo  or  bydroxyl  oompoundB,  which 
contain  the  amido  group,  NH,,  or  bydroxyl  group  always  in  tbe  paraposi- 
tion  to  the  methane-carbon. 

Thus  in  rosanilin,  as  regards  the  three  amidogen  groups  which  buve 
been  introduced,  we  find  the  arrangement: 


H«N 


NH, 


MH« 


How  the  fourth  affinity  of  tbe  tetra»l  carbon  is  satisfied  is  doubtful. 
The  so-callod  roMiTiilin  base  (see  below),  coutaining  the  bydroxyl  group 
rOHj,  has,  according  to  Leftvre  and  others,  tbe  following  formula  ; 

OH 


%<=> 


an. 


X  «3 
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According  to  £.  and  O.  Fischer,  salts  of  rosanilin — ^for  examp 
chloride — are  anhydrides,  having  a  hond  between  the  metliaue-< 
and  one  nitrcw^n : 

(Cl)HN — i 

/\ 


Nietzki  upholds  the  qoipone  theory,  thus : 

NHjCl 

H 


\/ 


/\J\/\ 


H,N 


\/ 


\/ 


NH, 


while  Bosenstiehl  belieres  the  chlorine  atom  to  be  joined  directly 
methane-carbon,  forming  in  this  way  triamido-triphenyl-methyl-cl 
or  a  tertiary  alcohol  as  is  expressed  by  the  formula : 

NH, 


H,N 


NH, 


All  basic  triphenyl-methane  dyes  can  only  exist  as  bases  as  lo 
they  are  in  the  form  of  salts,  for  as  Eoon  as  the  acid  radical  is  ret 
they  become  converted  at  once  into  colourless  carbinols,  which  latti 
erroneonsly  spoken  of  as  the  carbinol  bases  of  triphenyl-methane 
On  introduoixig  into  the  three  phenyl  rings  of  triphenyl-meth&ne 
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amidogen  groups  in  the  pftraposition  to  ibe  methane-carbon  ring  there 
is  foimed  a  substance  called  puraleacaiiilin : 

l]:SS:c;>c-c.H.NH, 

H 

This  licxly  by  oxidation  losea  two  atoms  of  hydrogen,  and  the  nitrogen 
of  one  amido  group  undergoes  a  coudetmatiun  with  the  methiuie-carbou, 
giving  rise  to  the  bafi«  pararosauilin, 


which  only  exists  in  the  form  of  its  salts,  for  as  soon  as  the  acid  radical 
is  remoTed.  it  Ijecomes  by  hydration  pararoBanilin-carbiuol  \  or  the  so- 
called  carbinol  base  of  pararosauilin  : 


OH 


HantzBch*  has  isolated  triacid  dye-stufTs  and  carbinol  salts  in  the 
hexamethyl-violet  series,  of  whii-h  the  hydrobromide  salts  are  stable  ;  thus 
crystal-violet  Icuco-hydrate  trihydroLromiiie,  H0-C[C,Hj*N(CH,),HBr]5, 
dissolves  to  form  a  colourless  solation,  bat  becomes  on  standing  or  on 
boiling  of  a  deep  violet  colour. 

Triphenyl-mothane  colours  may  exist  in  the  form  of  three  distinct 
bases,  namely  as : 

(1)  the  true  coloured  ammonium  baaes,  which  are  insoluble  in  ether,  and 
exist  only  in  watery  solutions,  being  strong  mouo-actd  bases. 

(2)  PBeudo-ammonium  bases,  which  are  the  so-called  carbinol  bases. 
They  are  colourless  triacid  bases,  soluble  in  ether,  and  forming  cotonr- 
less  salts,  which  gradually  change  into  the  coloured  ammonium  bases. 

(3)  Imido  or  anhydride  bases,  colourless,  soluble  in  ether,  and  yielding 
at  once  with  acida,  even  with  cai'lx)nic  acid,  the  coloured  dye-salts. 

The  dye-etutT  salt  -(-  i  molecular  proportion  of  caustic  soda,  gives 
primarily  (i)  the  true  colour  ammunium  base,  which  (a)  isomenzes  in  an 
aqueous  solution  to  the  pseud i.»-animonium  liose,  and  (3)  with  an  excess 
of  the  caustic  eoda  is  <juickly  converted  into  the  imido  base,  which  latter 
(4)  by  slow  hydration  forms  the  pseodo-ammunium  base. 


> C :  0^ :  N H ,  -  OH  aqueous  sol ution   >  qOH)  •  C,H,  •  NH, 


>C:C,H,:NH 


*  Garbinol  is  a  term  given  to  methyl-aloobol,  CH«.  OH,  which  may  have  one, 
two,  or  all  three  of  its  methane-bydrogea  atoms  repUoed  by  alcohol  radicaU ; 
thus  (CH.^C-OH  is  trimcthyl-fiarblnol. 

*  A.  Hantxecb  :  BrricMa  d.  dtutgeh,  chtm,  GmBteK  88,  753-60. 
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Nietzki,  adopting  Fischer's  view,  supposes  the  chromophore  group  of 
all  triphenyl-methimeB  to  correspond  to  this  formula : 

B- 

/\ 


G- 

where  B=  indicates  an  imide  radical  or  an  atom  of  oxygen,  and  he  believes 
the  (B=)  radical  to  be  the  salt-forming  group  of  the  basic  dyes,  because 
a  colourless  carbiuol  base  when  brought  into  contact  with  an  animal  fibre 
stains  the  latter  in  exactly  the  same  way  as  if  a  coloured  dye-salt  had 
been  used.  The  fibre  therefore  reacts  towards  the  imide  group  as  would 
any  acid,  such  as  hydrochloric  acid. 

Basic  triphenyl-methane  dyes  readily  form  sulphonio  acids,  and  then 
act  as  acid  dyes,  without  undergoing  any  colour  change. 


Triphenyl-methanes. 

(i^  Bosanilins p.  42a 

(2S  Kosolic  acids p.  426 

(3}  Phthaleins p.  438 

X.  BosanilixL  salts. 

All  rosanilins  in  the  form  of  their  so-called  bases  or  carbinol  com- 
pounds are  colourless,  and  become  coloured  only  by  the  introduction  of 
salt-forming  radicals.  The  mother-substance  from  which  the  simplest 
rosanilin  dyes  are  obtained  is  diamido-triphenyl-methane  : 

OH 
which  by  oxidation  may  be  converted  into  a  violet  dye. 

Diamido-triphenyl-oarbinols. 
Tetramethyl  derivatives  of  diamido-triphenyl-carbinol : 

OH 
Batio  dy48. 

Malachite  green.    The  chloride  of  this  substance  has  the  formula : 

.01 


±1,1.,    C^^2^N(CH,), 


ROSANILINS 


423 


The  common  saltB  are  the  hydrochluride  (C  ,,H,,NjHCl),  the  salphato 
(CjgH^NjHjSO,),  and  the  double  zinc  chloride  (C„Hj^N^ZnClj). 

Brilliant  green  correspDuds  to  uiakchito  greeu,  but  is  a  tetraethyl 
cotupuiJiid. 

Chrome  green  Ib  a  COOH  or  carboxylic  derivotive,  containing  the 
hasif  radical : 


no  .  OH  — H  P  _C^^«^*^f*^^s^ 


OH 
The  comtuerctal  salt  b  usually  the  chloride. 

Acid  dyes. 

Acid  g^en  S  is  a  sidphoiiic  acid  compound  of  dteChy]-dil>eiiz>l-diamido- 
triplu^nyl-carbinol.     The  suljibnr  ig  cotit^uned  in  tbe  benzene  imcleus. 

Patent  blue  contaiitB  hydroxy!  groups  in  tbe  uoii-»mt<lat<>d  t>onzeDe 
rings  of"  iutibtcbit«  gret'n,  tbe  bydryxyl  being  in  tbe  inetajwisilion  to  tlie 
n)etbaDe-carlx>u,  and  tbe  two  sulpbonic  gruupi^  being  one  tu  tbe  paru- 
•nd  tlieutiier  in  the  ortlKJ-position  to  the  nietliane-crtrhun.  The  staining 
properties  seein  to  defiend  on  the  eulpbur  groupie  and  not  on  the  carbinol 
rndical,  because  the  Baits  are  not  leudered  colourless  by  the  additiuu  of 
alkuliea,  as  in  other  rosaniliu  Bults«  Altliough  thia  dye  contains  two 
bulpbonic  grou|itf.  it  behaves  as  a  tuonobasic  acid,  and  Bandnieyer  baa 
obtained  from  the  orthosulphonic  acid  of  the  benzaldehyde  ulkali-proof 
dyes  with  hardly  any  acid  properties,  which  leads  Nietzki  to  assume 
a  bond  between  the  Eulpbonic  group  and  the  dimethyl-ammonium  group, 
thus : 

(CH,),NC,H«-C  -  C,Ht  -  N(CH,), 


HO 


I— SO,H 


By  oxidation  with  ftTric  chloride,  the  <lye  cyaain  is  obtained. 

Roflamin  forma  bluinh-red  solutions  showing  a  yellow  fiuore«oence; 
it  is  analogous  to  pyroniu  (p.  418)  as  it  poBseesee  an  oxygen  atom 
which  unites  the  two  nmidated  benzene  rings,  and  in  this  respect  it 
differs  also  from  the  malachite  green  series  : 


■CCH.)N 


\/\h- 


(CH,), 


Nc-^V^ 


cn. 
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Tiiamido-trip  henyl-caxbi  nols, 
Fararosaiullii  is  formed  by  beatiug  two  moleculeB  of  aniliu  with  one 
molecule  of  paratoluidin  in  the  presence  of  oxidizers  such  as  arsenious 
acid  or  corrosive  sablitnate.     The  pararosanilin  base 

by  reducing  agents  ia  converted  into  paraleucanilin, 
H^-O.H.-CH<C.H.;NH, 

Rnd  if  the  base  unites  with  chlorine,  the  hydrochloride 

JB  formed,  ■nsnally  known  as  Basic  rubin.  Tlie  acid  nibin  or  rubin  S 
is  a  Bulphoiiic  acid  compound,  and  corresponds  to  the  acid  fuchsiu  pre- 
pared from  rosanilin  (eee  p.  425). 

Methyl-violet  is  an  oxidatioa  product  of  dimethyl-auilln,  and  con- 
gista  of  a  mixture  of  tetra-,  penta-^  and  hexnmethyl-roBanilin,  the  blaer 
the  fioluiion  the  higher  the  percentage  of  the  hexa- com  pound  : 

(CH3)jN~CjE,   -  C<(^'2*^NH^°^'    ~  tetramethyl-pararouaniUn. 

(CH,),N-CjH,    -  C<^i"h*=NCH^'^'    ^  pentametbyl-paraTOBaniUn. 

[(CH,),N-C,H,],  =  C  =  C.H*  =  N(CH,), 

NCI  =  hexamethyl-pararosauilin- 
cliloride  or  crystal  violet. 

Methyl-violet  is  a  base  which,  in  the  form  of  mono-acids,  forma 
amorphic  greeuish  masseB. 

Gtentian  violet,  as  manufactured  by  the  Aktiengefiellschaft  fiir 
Anilin-fabrikntion  in  Berlin,  ie  a  mixture  of  the  chlorides  of  penta- 
and  hesamethyl-pararosanilin.  It  is  best  to  substitute  the  pure  hexa- 
methyl  compotiud  or  crystal  violet  for  gentian-violet. 

Acid  violet  is  a  sulphouated  methyl-violet,  and  acts  as  an  acid,  because 
of  the  HSO3  group. 

Methyl-green  is  the  chlormethylate  of  the  hexaraethyl-pararosaniliu- 
chlorido  or  heptamethyl-pararosanilin,  and  is  obtained  by  treating 
methyl-violet  with  methyl-iodide  (CH,!)  or  methyl-chloride  (CH,C1). 
Because  of  the  method  of  its  preparation  and  the  incomplete  removal 
of  the  methyl-violet,  the  commercial  salt,  if  required  in  a  pure  state, 
should  be  shaken  with  amylic  alcohol  (CjH^,— OH),  which  removes  the 
methyl- violet  (Nietzki). 

The  base  may  he  obtained  by  decompoBing"  the  chloride  or  iodide  of 
methyl-green  with  the  oxide  of  silver.  The  commercial  salt  lias  probably 
this  constitution  (see  also  p.  459) : 

(CH.)^-CA-<ANjCE£.c^a  ^^.^^^_^ 
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Basic  fuchsin  or  Bosanilin  (methyl- triamido-triplienylcnrbinol 
or  triaiuido-dipheiiyl-toluj'l-carliinol)  is  fwrmeil  by  the  oxidation  of  an 
equal  numbiU'  of  molecules  of  oithatoluidjii,  paratoluidin  aud  atiilin. 
Nietzki  poiuts  out  that  tosuuiliiis  which  have  l>eeu  prejMirfd  fruin 
orthotoluidiu  aud  dlantido-dipLfuvl-mctlitkiii!  ditTer  from  those  obtained 
from  nuiliu  ami  diiimiilo-phenyl-tuluyl-metliane,  u8  the  former  contain 
the  qniiione-Iike  ehiomojthon'  lUtacIied  to  the  Ijenzene,  while  the  latter 
have  it  attached  to  the  toluene  renmtnder.     (For  New-fuchsiu  see  p.  458.) 


H,N 


(OH) 


PH  /^t^s  ~  ^^^f '  H  *N  H  *    ~  leucanilin  (leucorosauilin). 

CH  ^•^»^*^^\C*h\oc1~  ™B^"iIiii  hydrochloride. 

Acid  faohBin,  Fuohsin  8,  is  a  disulphonic  add  prepared  from  the 
basic  fuchsia  by  treating  the  latter  at  a  temperature  of  120"  C.  with 
fumiug  sulphuric  acid : 

/-NH, 


CH, 


\c,. 


H3/NH, 


Its  nentrftl  salta  are  colourless,  while  the  mono-acid  salts  are  red.  As 
thi»  acid  is  coloured,  an  ititramoleeular  salt  formation  between  the 
sul phonic  and  the  amido  groups  muBt  take  phice  (Nietzki). 

Iodine  green  or  {lentametliyl-rosanilin 

is  obtained  by  heating  roBunilin  with  methyl-iodide  and  methyl-alcohol 
at  100'  C.  The  best  way  to  purify  it  from  methyl- violet  is  by  amylic 
alcohol.  lis  double  zinc  salt  (C^H„NjCl,ZnCl)  is  very  soluble.  The 
preBence  of  iodine  may  be  shown  by  diestilving  some  of  the  solid  in  strong 
sulphuric  acid,  and  then  adding  a  minute  crystal  of  potassium  bichromate 
(Bolles  Lee). 

Hofiinann^B  violet  is  triethyl-rosanilin  (C,JI„(C,'Hj),N30).  lU 
iodide  (C„HgjNjI,)  is  more  readily  solublu  in  alcohol  than  in  water. 

On  treating  rosanilin  at  a  tempcratute  of  180°  C.  with  a  great  excess 
of  anilin  in  the  presence  of  buch  organic  acids  as  benzoic  acid 

C^,-C0OH. 

which  play  the  part  of  catalyzers,  there  are  formed  mono-,  di-  and  tri- 
pheuyl-roBMiiliii  compounds, called  resxKCtively  rosanilin  blue,  Parma  blue 
(regiiia  viok-t),  and  anilin  blue. 

An't'"  blue  or  triphcuyl-rosanilin.     The  base  has  the  formula : 


C,H,-NH 
CH 


>C.H.-0(OHXg;H*:NH-C.H. 


Anilin-blue  hydrochloride  (C„Hj^,(C,Hg),HCl)   is  insoluble  in 
water  but  soluble  in  alcohol,  and   is   therefore  colled  'alcohol  blue' 
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(Spritblau).     Auilin  blue  is  a  haae  which,  liecause  of  its  insolubility  in 
water,  is  sulpbanaterl,  and  thus  cunverted  into  water-soluble  auiliu  blue. 

Sulphonated  ardlin  blues  are  acid  dyea. 

'  Methyl  blue  '  ia  the  trade  nHme  fur  Bulpbonatcd  oniliu  blue. 

(a)  The  mouoBulphoiiic  acid  of  iripbenyl-rosanilin,  C3jH,„N,(HSO,). 
Alkali  blue  ia  ila  Bodium  pnlt,  aud  will  dye  wool  and  silk  iu  feebly 
alkaline  media,  Nietzki  believes  the  basic  radical  of  the  rosanilin 
to  link  the  dye  to  the  fibi'e.  Ai'ter  dyeiug  the.  colour  ia  fixed  aud 
brightened  by  treatment  with  dilute  acida.  This  dye  ia  chiefly  us«d 
for  w4jol-dyeiiig. 

{b)  The  disulphonic  acid  (C..gH„,N3{IIS0.,),)  is  soluble  in  water,  luid 
ita  sodium  sf\\{,  is  sold  as  '  water  blue  for  silk.'  It  is  insoluble  in  dilute 
sulphuric;  acid. 

{c)  Tri-  and  tetraaul phonic  ncida  are  soluble  in  water  and  iu  dilute 
HjSO^.  In  the  trude  they  are  ktiowu  as  'water  blue  for  cotton,'  and 
an.'  used  in  hatha  acidulated  with  sulphuric  acid. 

Diphenylamin  blue  is  got  by  lieating  dipheuylamin  with  car- 
bon 8f'S4uichh»ride  (CJjCI,)  or  t>xalic  acid  at  110-120'  C.  Similar  dyea 
are  ohtuiutd  by  acting  on  methyl-dipheiiylamin  with  oxidizers  such  as 
quinone  cldoride. 

Aldehyde  green.  On  treating  roFanilin  with  aldehyde  and  atroi 
sulphuric  acid,  a  violet  dye  of  unknown  constitution  is  fornied,  whici 
in  the  presence  of  sodium  aulpliite  iu  an  acid  eulutiou  ia  converted  into 
aldehyde  green,  wliich  ia  soluble  in  alcohol  containing  sulphuric  acid. 

Biphenyl-naphthyl-methanes. 

Victoria  blue   B   is   prepftred  from   tetramethyl-diamido-di phenyl" 
niethaue  and  phenyl-a-naphthyiauiin  ; 

(CHl^fi'Sc:H:><'  =  C.A  =  N-C.H. 
Victoria  blue  4B  is  the  peutamethyl-carbidride  of  the  former : 

(CH,)jNCjH^\_,  _  ri  TT    _  W  _  fQH  \ 

CH,\NC,H,'^  ~  ^«^*  -  ^  -  ^^°^*h 
C,<,H/  Cl 

Night-blue  is  toluyl-tetraethyl-triaimdo-a-naphthyl-diphenyl-carbiuol : 

CH.C.H.HNCi'h*/*^  -  *^«^*  =  N  =  (C,Hj)a 

Cl 
Kresyl-Tiolet  has  this  formula  : 

C-(C,H,NH.C,H,CH,), 

2.    Boflolio  acid  derivatives. 

Eosolic  acid  dyea  differ  from  rosanilin  dyea  in  having  the  nitrogenous 
radicals  of  the  latter  repluced  by  oxygen  radicals.  All  membera  of  this 
gruup  are  acids,  which  iu  the  free  state  are  yellow,  but  iu  combiiiatioo,  as 
salts,  of  a  red  colour. 
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Auiin  or  Pararosolio  acid  is  derived  from  pararosanilin  by  Bubsti- 

tutioti  of  the  three  amidogon  groups  of  the  latter  by  tlirce  hydroxyl 
groups  accompanied  by  u  removal  of  the  carbinol-hydroxyl  iu  pararos- 
aiiiliu,  tliua: 


OH  -  C^C,H^    NH,        becomea 


Pararosaniliu. 


/C,H,-OH 
I  "^C.H^-O  +H,0 

Fararoeolic  acid  or  aurin. 


Yellow  corallin  is  a  mixed  product,  coutaiiiing  about  20  per  cent, 
of  auriu.  It  is  pructicalty  iusoluble  in  water,  but  readily  soluble  iu 
alcohol,  with  a  yellow  colour  which  ia  turned  red  by  alkalies. 

Red  corallin  is  an  iiitenuediate  product  of  mirin  and  pararosaailin, 
iu  which  out;  of  the  hydroxy  I  gi^oups  of  aurin  is  rephtced  by  NU,. 

Rosolic  acid  in  formed  from  roBaniliu  by  a  change  uuulugoua  to  that 
described  for  pararosolic  acid  ; 

C,H,-OH 

I i 


Almost  insoluble  in  water  and  soluble  in  alcohol,  it  turns  red  on  the 
addition  of  ulkniies,  and  is  used  ex1eu^lvely  for  titration. 

Eupittonic  acid  or  bexniutthoxyl-auriu  (C„H,(OCH,)^Oj)  is  a  dil^asio 
acid,  forming  orange-yellow  net-dleB  iusoliible  in  water  but  wdiible  in 
alcohol  and  ether.  Tlie  solution  of  its  salts  is  coloured  ]>lue,  and  fomis 
with  heavy  metals,  such  as  lead  and  tin,  blue  lakes. 

Chrome  violet  (aurin-tricarbomc  acid)  and  its  homologaea  have  thia 
con&titutioa : 


(H«O^.H,).  =  C  =  C.H.^, 


OOH 

and  are  obtained  by  Sandmeyer'a  procesp,  which  consista  in  condensing 
salicyclic  acid  by  means  of  formaldehyde  iu  a  sulphuric  acid  solution  and 
inducing  simultaneously  an  oxidation. 

With  tissues  mordanted  iu  clironie  salts  reddish-violet  tints  are  obtained. 

Benso-triclUorido  derivatives. 

Bensaarin  is  obtained  by  acting  on  two  molecules  of  phenol  with  one 
molecule  of  benzene  tricbloride.     It  has  this  constitution: 


It  ia  insoluble  in  water,  but  soluble  in  alcohol,  ether,  and  glacial  acetic 
acid,  with  a  yellow  colour,  while  alknliea  change  its  colour  to  violet, 
acids  precipitating  it  from  an  alkaline  solution  iu  yellow  flakee.  Alkali 
bisulphates  form,  analogously  to  the  rosolic  acid  series,  water-soluble 
compounds. 
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Anthracene  violet  is  made  from  benzene  tricbloride  and  pyrogoUol 
and  forms  lakes  with  metallic  mordantB. 

3.    rhthalems. 
PhthaUc  acid,  C,H,(COOH)j,  forms  tbe  anhydride  ^.H^/^^So. 

If  the  latter  is  heated  for  some  hours  at  rzo*'  C.  with  ordinary  phenol 
and  concentrated  sulphm'ic  acid,  phenol-phthalein  is  foiTned. 

Fhenol-phthalbin,  prepared  in  the  manner  just  indicated,  haa  the 
constitution  figured  below,  showing  the  existence  of  a  lactone  ring.  On 
coming  in  contact  with  alkalies,  one  of  the  hydroxyl  groups  is  believed 
by  Ntetzki  to  he  replaced  by  O,  forming  a  quinoue-like  benzene  ring, 
wliile  Biinultaneously  the  lactone  ring  ia  opened  up  in  the  manner 
indicated  : 


HO 


/\       /\ 


V^ 


OH 


'VX 


/\ 


OH 


VvV 


A 


-COONa 


rhenol-phthalein.  Sodium-phenol-phthalein. 

Tetrabrome-plieiiol-phthaleln-ethyleBter  is  a  derivative  of  quino- 
noid  phenol-phthalein,  and  is  obtained  liy  cnnverliug  the  ester  of  phcnol- 
phthalein  first  into  a  bromine  compouiid,  and  Bubseqiiently  oxidizing  this 
by  means  of  alkaline  potassium  ferricyanide.  The  ester  is  yellow  wlien 
in  its  free  uncombined  state,  while  the  tilkali  salts  are  of  an  intense  bine 
colour.  The  salts  are  only  slightly  soluble  in  water,  but  fairly  soluble 
in  alcohol,  and  may  readily  be  decolourized  by  means  of  acetic  acid. 
When  colourless  they  stain  silk  of  11  deep  blue  coioiir,  showing  that  tbe 
silk  must  piny  the  part  of  a  base  (Nietzki): 

O  Br  Br 

Hor    ^        r    ^0H  \/\        /X/'" 


AAcAABr 

A, 


Phenol -phtb  alein-ethylester 


GO .  OOjH, 


.      \/      .    . 

and  its  tetrabrom  derivative. 


Fluorane. 
Fluoresoein  u  prepared  from  phtbalic  anhydride  and  reflorcinol ; 

Fhthalic  anhydnda         +  Resorcinol. 

and  may  be  considered  aa  a  lactone  or  a  quinonoid  compound  : 


OH- 


-OH 


I 
0 

C,H,      0 

00 
Lactone  fonnola.  ^  Fluoresoein 


Quinonoid  formula. 


XJraiLin  ia  it^  Bodium  salt. 

Eosin  and  Erythrosin  are  its  two  moat  important  derivatives. 

Eoain  or  tetrabrom- fluorescein 


CO/C.H«\o/C,HBr,(OH)KQ 


is  prnctically  insoluble  in  watar,  but  with  potash  it  forms  a  brown  powder, 
the  Water-soluble  eosin  (C,^,H,Br,0,Kj); 
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Br         ^  Br 

HO/       Y         Y      \0H 


Br 


\/\<v 


EoBin 


Tlie  greater  the  nuinber  of  bromine  atoms  in  eoein  the  bluer  is  the 
shade,  while  the  mono-  »nd  dibrome  derivatives  are  yellowish-red. 

Being  a  derivative  of  the  quiuouoid  fluorescein  it  contains  a  free 
hydroxyl  group,  nud  forms  insoluble  lakes  witli  lead,  tin,  aluminium 
and  also  with  chrome  compound b. 

Erythrosin  is  the  sodium  salt  of  tetriodo-fluorcBcein,  Cj^Hjl^Oj. 
The  free  acids  of  eoein  and  eiytbrosin  are  readily  obtained  by  adding 
mineral  aci^ls  to  the  watery  Bolutions  of  their  salts,  when  the  water- 
insoluble  tetrabrom-  or  tetriodo-fluoresceiii  is  thrown  down.  The  latter 
dissolves  with  a  yellow  colour  in  pure  alcohol,  ether,  or  chloroform,  and 
in  these  solutions  nmy  be  used,  according  to  Mylius  method,  as  a  test 
for  free  alkalies  (p.  2 1 4). 

Alcohol-soluble  eosin  or  erythrosin  (Sprit-eosin,  Priraeroee  k 
ralcool)  belongs  to  the  group  of  eosiii-ethers  or  erythrins.  Tliese  mono- 
metby]  and  mono-etliyl  derivatives  of  eoBin  are  made  by  either  treating 
the  potash  salt  of  tetrahrora-fluorieficein  with  the  iodide  or  eliloiide  of 
methyl,  or  by  acting  on  the  free  acid  eoain  with  alcohol  and  hydro- 
chloric acid.  The  compounds  are  monobasic  acids  owing  to  the  free 
bydroxyl  group,  and  are  neither  soluble  in  water  uor  in  absolute  alcohol, 
but  lire  soluble  in  50  per  cent,  spirit. 

Boein  Bcarlet  or  safrosin  is  dinitro-dibrome-flaoreBcein 
C,„H,Br,(NO,),0^ 
a  strong  dibasic  acid.     Its  alkali  salts  arc  water-soluble. 

Tetrabrom-tetrachlorfluoresceina  are  brome  compounds  of  di- 
and  tftracliloittuorescein.  The  water-soluble  alkali  Btdte  are  called 
Pbloxin,  the  ethyl  ethers  are  Cyanoslns,  and  the  tetriodide  derivatives 
fonn  Bose  Bengale. 

By  substituting  sulphur  for  the  O  in  the  linking  ring,  dichlorfiuorescein 
is  further  converted,  after  combining  with  bromine,  into  Cyclamin. 

Bhodamin  (p.  ittS)  is  the  phtbaleinofdiethyl-meta-amido-pheuol  and 
may  be  considered  to  be  the  oiihoc.irbonic  acid  of  rosamin.  The  penta- 
alkylated  ester  having  the  accompuiying  formula  is  a  basic  substance, 
forming  w^ater-ifolnble  salts,  and  is  called  AniBolin  (Monnet  iu  Geneva). 
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,N  -  (CH,). 


(CHO,-K 


\/-v/' 


\y 


^- 


COOCH, 


V 

Anisolin. 

Rhoclamin  60  la  a  synimetrical  diethyl-rhodaroin. 

Rhtxlumiu  S  is  a  Bucciiiate  of  rhtxlamin,  and  dye*  cotton  directly. 

Ghallein  diflere  from  fluorescein  only  by  the  presence  of  two  quinone 
oxygen  atoms  which  occur  in  two  benzene  rings.  With  alumina  and 
eliromiuin  oxide  it  forms  greyish -violet  insoluble  lakes : 


-OH 


QaUein. 

I.    QQinolin  and  Aoridin  Dyes. 

Quinolin,  C,H.N,  may  be  looked  upon  ns  either  a  naphthalene 
derivative  in  which  one  of  the  CIl  or  mctliin  groups  of  naphthalene  has 
liepn  replaced  by  N,  of  as  a  condeDcatioD  product  of  one  beoxene 
nncleuB  and  a  pyridin  nucleus^  thus : 

CH      N  CH 

CHr      \/\cH  HCr       >. 


CH 


UJ 


CH 


H         Nitn 


CH      CH 
Nitrated  naphthalene. 


CH 
BenKene  remainder 


iMk 
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Acridin  resetuMes  antbracene  in  being  a  ring  coTDpoand,  but  instead 

of  having  two  metliin  gronps  forming  tLe  ring  as  in  anthracene,  we  find 
in  acridlti  one  metluu  and  one  nitrogen  group  : 


H 


/V\/^ 


H 

Anthracene. 


Acridin 


The  chromopliore  group  in  quinolln  and  acridin  ie  the  pyridin  ring. 
According  to  Nblting,  quinolin,  containing  in  the  benzene  ring  an  OH 
group  in  the  orthopoBition,  reacts  with  mordanta  to  form  lakes,  resem- 
bling in  this  ref'peci  the  oximcs  (v.  Kostunecki). 

I.    Quinolin  Compounds. 

Quinolin  by  itself  does  not  act  as  a  chroniogen,  and  it  is  probable 
(Nietzki)  that,  aa  iu  the  phenyl- methanes  (p.  417),  ao  here,  a  methane 
compound  serveB  to  link  together  several  quinuliu  rings. 

Cyanin  blue  is  formed  by  heating  a  mixture  of  quinolin  and 
parameiliyl-quinolin  in  the  presence  of  alkali  and  an  alkyl  iodide,  when 
the  blue  mono-iodide  of  cyanin  ia  Torined,  which  contains  one  molecule 
of  either  of  the  two  bases  and  the  alcohol  remainder  twice. 

The  cyanins  are  strongly  basic  Bubstancea ;  the  mono-acid  salts  are 
blue,  and  the  iliacid  salts  colourless. 

Dimetliyi-cyanin  iodide,  CjjHj^jI,  gives  a  blue  aolution  which  ia 
decolourized  hy  carbonic  acid. 

Quinolin  red  prepared  from  iso-quiuolin  is  a  baaic  dye.  Its  hydro- 
chloride, C^^HjjNjHCl,  Boluble  in  water,  is  strongly  fluorescent,  and 
stains  animal  tissues  the  same  tint  as  eosin. 

Quinolin  yellow,  CigH,^NO„  forms  a  sulpho-acid,  which  stains 
similarly  to  picric  acid. 

Flavanilin,  C,jH„Nj,  is  a  strong  base  owing  to  the  presence  of  an 
amido  group.  Its  diazo  compound  tlavauol,  CjgHi^NO,  shows  both  basic 
and  feebly  acid  properties  : 

€H, 


N 
Flavanilin  (Nietzki). 

Berberin,  C^nHj^O^,  is  the  only  natural  dye  which  posBesses  alkaline 
charactera  (Nietzki).  It  is  found  in  the  Calumba  root  {JaUorhiza 
Calumba,  Miers)  and  in  the  root  of  the  barberry  {Berberii  vulgaris),  being 
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a  derivative  of  iso-qiuDoUn  (Perkin,  Chtm.  Soc.  JovAm.  991,  1890), 
It  fonuB  with  uitrio  acid  a  crystalline  compound,  C,,H,,NO^HNOj, 
inaolulile  in  an  excess  of  the  acid.  It  stains  animal  tissues  directly,  nnd 
cotton  which  has  beeu  mortlanted  with  tannin.  Its  coustitutiou  has 
been  detertnined  hy  H,  W.  Perkin,  juo. 


2,    Acridina. 

Acridia  itself  ia  only  slightly  coloured,  but  its  diamldo  compounds 
arc  strong  dyes.  As  a  rule  the  aniido  groups  take  up  a  paraposition 
to  the  carl)on  atom  of  the  linking  ring. 

(a)  Dinmtdo*acridii)8  are  sold  oomniercially  under  the  natne  of 
acridin  yellow  or  acridin  orange. 

Acridin  yellow  or  tetrametiiyl-dtamido-acrldin  haa  this  constitution : 


(CH,),K 


(fc)  Diamido-phenyl-acridina. 

Benao-flaTin  or  aymmetrical   diamido-pbenyl-acridia   baa   tbia  oon- 
eiitution : 


.^V^ 


\/\= 


tit  stains  wool  and  silk  a  yellow  colour. 
Phosphin    ia    the    nitrate    or    hydrochloKde    of    clirysanilin,   which 
latter  ia  an   aaymmetrical    diamido-pbenyl-acridia,   aa  it  oontaina 
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uuiiJo  ^oup  ID  the  acridia  nucleus,  while  the  other  NH,  group  is  in 

the  phenol  ring,  both  arnido  groups  occupying  the  metapoBitioii  to  the 
carbon  atom  of  the  methane  group.  Clirysanilin  nitrate  or  pho^phin 
is  a  basic  yeUow  dye. 

(<r)  Flayeofiiu  is  a  yellow  dye  with  marked  fiuorescence,  the  consti- 
tution of  which  is  not  as  yet  fully  detennined  (see  Nietzki,  edition  1901, 

K.  Sulphide  Dyee. 

According  to  Jaeek  theae  black  dyes  are  formed  Avhen  a  diamiu  or 
monamin  (substituted  in  the  parapoaition),  or  any  compound  capable 
of  giving  rtae  to  them,  ia  fused  with  sodium  sulphide  and  Bulphur,  The 
dyes  are  believed  to  have  a  couBtitution  like  Bemthsen'B  thionol  : 


^Nv 


/\y\/\ 


o/\/      s/V-'\0H 


Thiono], 


/\/\y\ 


HS-S 

Sulphide  black. 


OH 


The  theory  of  dyeing  ia  ae  follows :  The  sulphide  dyes  are  converted 
into  soluble  leuco-corapounda  by  the  presence  of  alkaline  reducing 
agents,  and  as  leuco-compounds  they  readily  enter  fabrics.  On  sub- 
aequent  oxidation  with  an  acid  oxidizing  ngent  such  as  a  n)ixture  of 
pota.'Bium  chromate  aad  sulphuric  acid,  the  colour  is  oxidii^ed  and  fixed 
as  a  black  ineoluble  compound, 

Gaohou  de  IiaTal  ia  a  name  given  to  greyiph-brown  or  black  dyes 
obtained  by  treating  fiieces  and  other  organic  matter  with  a  nii.xture  of 
caustic  fioda  and  Bul|>hur.  These  dyes  stain  cotton  directly,  and  act  as 
niordnuta  for  Vmsic  dyes. 

Vidal  black  is  obtained  by  treating  para-amido-phenol  and  quiuoues 
with  alkali  sulphides,  Na^S  or  NaHS  for  example. 

Immedial  black  (Cassella  &  Co.)  is  prepared  on  similar  principles 
from  diaitro-oxy-diphetiylamin  (made  by  the  interaction  of  diDitro-chlor- 
benxene  and  /-amido-phenol). 

Clayton's  Fast  Blacks  (the  Clayton  Aniline  Co.,  Ltd.)  are  insoluble 
in  water,  but  soluble  in  sodium  sulphite  or  sulphide.  Dissolve  the  dye 
by  boiling  in  a  concentrated  solution  of  neutral  sodium  sulphite,  when 
probably  thiosulphonic  acids  are  formed,  which  are  only  slightly  coloured 
and  do  not  stain.  By  reducing  agents,  such  as  glucose  and  an  alkali, 
there  are  formed  leuco-compounds  (probably  sulph-hydryl  derivatives), 
which  are  used  to  impregnate  the  tissue.  On  exposing  the  latter  to  air 
the  black  colour  appears,  and  is  then  fixed  by  a  bath  of  copper  sulphate 
or  an  alkali  bichromate. 

Nitro-suIpMde  of  iron  was  first  used  by  Z.  Roussin  in  i860,  and 
haa,  according  to  him,  tlie  formula  Fe3SjK,(N0)^,  while  0.  Pawell  gives 
the  formula  Fe^,K,(NO),j. 


I 
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Prud'honime  prepnres  the  dye  as  follows ' :  Dissolre  8  grams  of  sodiam 
sulphide  (Nn,S)  uiid  5  grams  of  80<Uum  iiitnte  (NaNO^)  in  200  cc.  of 
WRter.  TIreii  tlissolve  14  ^rams  of  ferrous  sulphate  in  loiling  water  aud 
Jidd  it  slowly  under  coitBtant  stin-ing  \o  the  other  mixture.  Boil  for 
several  minutes;  filter;  wash  residue  with  hot  water  till  the  filtrate 
nmouuts  tu  500  cc.     This  diluted  with  ^mtcr  forms  the  dye-bath. 

II.  Natcbal  Dteb. 

Byes  contaiaing  the  ketone  or  oarbonyl  group,  GO,  as  a 

ohromophore. 

The  ketone  group,  CO,  is  most  active  as  a  chromophore  wlieu  it  forma 
witli  oxygen  a  closed  ring  as  in  xanthoue.  It  also  acts  in  an  open  chain, 
especially  if  several  liydroxyl  groujis  (OH)  are  in  the  ortho|)06itio>i  to 
it,  but  only  indirectly,  by  joiuing  un  to  metallic  oxides  : 


/^/  v^ 


Xanthone. 


C-C,H, 
I 
CH 

Flavone. 


Euxanthone,  C„H,0^,  is  obtained  from  the  Purr6e  or  Indian  yellow, 
which  contains  euxauthic  acid,  an  ester-like  compound  of  euxuiithone  and 
glycuronic  ncid. 

The  magnesium  salt  of  eujcanthic  acid  constitutes  the  yellow  paint, 
Indian  yellow : 


HO 


\AccA^° 


Kuxantboue, 
Havoue  is  a  pbenyl-phenopyrone,  the  constitational  formula  of  which 
is  given  al*ove.     It  forms,  according  to  v.  Kustanecki,  the  chief  nucleus 
in  a  number  of  vegetable  colouring  matters,  such  as  quercetin,  rhamne- 
tin.  and  morin. 

Horin,  t',4H,j,0,,  is  obtained  from  Morut  Itnctoria,  Jacq,  or  Madura 
tiTtctoria,  Nettel.  According  to  A.  G.  Perkin  and  Bablich  it  is  a  tetra- 
oxyUflaTano),  having,  according  to  Nietzki,  the  following  constitation  : 

OH 


HO 


-/\/\c- 


OH 


OH      CO 


C-OH 


Prnd'homiM :  JTontf.  aettmL  fli5Z-«  (1901). 
Ff  a 


436  THE  CHEMISTRY  OF  DYES 

Its  alkali  salta  ar«  readily  soluble,  wliile  the  cftlclum,  aluminium,  lead, 
and  zinc  salts  are  only  slightly  soluble. 
It  19  used  extensively  for  dyeing  wool. 
Belated  to  flavone  are  also  the  two  pyrocatechin  derivatiyes  haema- 

A-OH 
toxylin  and  brazilin.      Pyrocatechin  or  orthodioxy-benzene 

\/. . . 

8oinetinie&  also  called  catechol,  ia  the  motber-sabat&nce  of  meta-hemipinic 


-OH 


COOH 
acid 

COOH 


OCH, 


,  which  latter  baa  been  obtaine<l  from  both 


-s^OCH. 

haematoxylin  and  brftzilin,  Pyrogallol  or  pyrogaUic  acid  is  1:2:3 
trlbydraxy-benzene,  C,H,(OH), , 

Haematoxylin. 
Haematoxylin,  C„H„0^,  obtained  from  the  wood  of  Haematoxylon 

camjiRchianum  by  extraction  with  ether,  is  corapogetl  of  a  pyrogallol 
radical  joined  to  pyrocatechin.  Haematoxylin  is  not  a  dye  in  itself,  but 
becomes  a  dye  on  being  oxidized  into  haemAtein,  aa  was  firet  pointed  out 
by  Ei-dmann*. 

The  constitution  of  haematoxylin  haa  been  determined  by  Perkin  and 
Yatea': 

HO         0  CH,  HO         O         OH, 

ho/   \^\cH/     >/\oH        no/^\^  \/^^^     ^0H 


CH. 


CH(OH)  CO 

Haematoxylin.  Haematetn. 

Haematoxylin  diesolves  in  alkalies  with  a  purjile  colour,  and  on 
oxidation  into  haematein  the  colour  changes  first  info  bluish- violet,  and 
then  into  a  brown.  With  chrome,  iron,  and  vauadiutn  paltg,  Isaematoxy- 
lin  forms  higher  oxides,  the  lakes  of  wliich  jiossess  a  black  colour,  while 
the  alumtnium  lake  is  gieyiflh-yiolet,  and  the  copper  lake  a  deep  blue. 
The  Balta  of  haematoxylin  after  oxidation  are  known  as  haemateatea. 
Nitric  acid  first  converts  haematoxylin  into  haoniatein,  and  then  into 
oxalic  acid '. 

Haematetn^  CitH,jO,,  woe  dtacovered  by  Clievreul  in  18 10,  and  called 
by  him  haematin.  With  alkalies  it  gives  a  blue-violet  colour-  The  am* 
mouia  compound  C„Hj.jO^(NH5)j  is  solulilc  only  with  great  difficulty.  By 
boiling  wilh  sulphurous  acid  baenuitcin  is  reconverted  into  haematoxylin. 

*  Enlmann  :  Liehig'a  Annal.  44,  aga. 

*  Perkiri  and  Yntes  :  /'roc,  Chem.  .S'of.  10,  107  (i90o\ 

*  Puro  hAematoxyliu  is  only  obtainable  from  Ueigy  and  Co.,  Basel. 
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Braiiliii, 

Brazilin,  C,^Hj^O^  is  obtained  from  Caesalpima  braailt'ensity  Sir., 
and  otlier  species.  Tbis  substance  is  the  honaologue  of  httematoxyliu, 
and  does  uot  act  as  a  dye  till  it  bus  been  oxidized  iuto  Braailein, 


Cx.H,,0.. 


HO 


/\/\ 


\/V 


CH, 


CH, 


CH 


CH 


I  OH 


fou 


HO 


OH 


\/\y    \y 


OH 


CHO 


Brazilin. 


CO 


Brazilein. 


Afloording  to  the  inTestigatioss  of  OUbody,  Ferkin,  and  Yatea\  oa 
oxidizing  tritnethyl-bj-Hzilin  with  potaaBiam  permaDgauate  there  is  formed 
a  dibasic  acid  Cj„Hj„0,,  meUing-poiiit  175°  C,  coatainiug  one  niethoxyl 
group.  This  acid  must  be  derived  from  the  resorcinol  portiou  of  the 
molecule  of  braziliu,  because  afler  fusiou  with  potash  it  gives  with 
ferric  chloride  the  charftcteristic  violet  colour  of  resorcin. 

When  heated  to  200°  tlie  dibasic  acid  gives  off  CO,,  and  forms  the 
monoliAeic  acid  :  metliyl-carboiy-ru'sorcybacetic  acid,  C11,0  —  C,H^  —  0  — 
CH,  — COOH.  The  dibasic  acid  is  therefore  metliyl-carboxy-reBorcinol- 
acetic  acid,  coutaimiig  one  methoxy)  group  : 

CH,0(^  \o-cH,-coon 


V 


COOH 


Another  monobasic  acid,  with  a  meUing-point  of  i29'5*'C.,  was  ob- 
tAiued,  namely,  pHra-meiiioxy-Balicylic  acid  Cj<,H,0,  —  (OCHj)  —  COOH  ; 

O 

CH,0  f^^^  CH  -  CH,  -  COOH 


W 


CH(OH) 


I 
CO 


Apart  from  traces  of  two  acid  bodies,  which  on  fusion  with  ferric 
chloride  give  the  pyroc&tecbin  reaction,  the  other  chief  acid  is  meta- 
bemipinio  acid : 


»  aUbody,  PerkiA,  and  YatM :  iVoc.  Cktm.  Sot,  16, 105-107  (1900). 
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The  constitutional  formula  of  brazilin,  when  compared  with  that  of 
haematoxylin,  is  seen  to  differ  only  in  possessing  one  hydroxjl  group  or 
inethoxyl  group  less. 

The  alum  laJie  of  brazilein  resembles  alizarin  red,  while  the  chrome 
lake  is  of  a  rich  brown  colour. 

According  to  the  recent  investigations  of  v.  Kostanecki^  and  his  pupils, 
the  quinonoid  formulae  of  brazilein : 


\/V^ 


vy 


CH 


aoH 


OH 


CH, — 


\)H 


and  of  haematein : 


OH       O 


express  best  their  analogy  to  the  phthaleins,  for  the  latter  also  possess 
the  chromophoric  quinonoid  grouping : 


\/Y\ 


Compare  with  the  account  of  phthaleins  given  on  p.  428. 

Carmin. 
Carmin  is  obtained  from  the  female  Coccus  cacH  cocdnettifera,  which 
according  to  P.  Mayer'  stores  the  dye  as  an  alkali  canninate  in  the  fatty 
body  and  yolk  of  the  ova.  By  treating  the  watery  cochineal  extract  with 
alum  the  amorphous  red  mass,  known  commercially  as  carmin,  is 
obtained,  containing,  according  to  Liebermann,  74  per  cent,  canxunic 
acid,  20  per  cent,  proteid,  3  per  cent,  alum,  and  3  per  cent.  lime. 

*  St.  ▼.  KoBtaneoki  and  Y.  Lampe :  Ber,  d.  deutsch.  ehem.  G«seQ.  85,  1667  (xgoa) ; 
E.  Bollina,  St.  v.  Kostanecki  and  J.  Tambor :  ibid.  85,  1675  (190a). 

*  Mayer:  MimeO.  a.  i.  ZooL  Station,  Neapet,  10,  509  (1890). 
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Carnaiuic  acid  is  obtained  from  the  cocbiueal  insoot  by  extracting  the 
bitter  with  b^jiliiig  water,  and  treating  tlio  t'xtruct  with  leiiil  acetate  or 
buriuui  hydrate,  and  Gually  decompoain^  the  lead  or  burium  carniinate 
with  sulphuric  acid.  Wheu  pure  the  acid  forms  crystals  as  first  shown 
by  Scliunck  and  Marohlewski  . 

The  constitution  of  carmintc  acid  has  not  as  yet  been  made  oat. 
Nietzki  believes  it  to  closely  reficmble  indone  dyes,  which  liave  a  chronio- 
phore  group  called  by  Wi-liccuus  i\m\  Kcitxle  the  *  indaudion.' 


/\ 


\Ac<^ 


C-0 


CH, 


CamLinio  aoid  is  a  dibasic  acid  of  sufficient  eirength  to  decompose 
calcium  carbiuiaie.  It  conibiues  with  the  alkali  naetals  to  foi-m  readily 
Bciluble  suits,  while  with  the  otirthy  aad  lieav}'  metals  iusuluble  salts  or 
hikes  are  fornifd,  which  fur  tiie  most  part  are  violet,  but  in  the  case  of 
iron  coin|>oun«l8  of  a  greyish  bhick-cnlour. 

Aluminium  carminate  is  soUdde  in  watery  or  weak  alcoholic  solutionH 
of  aciilp,  and  iu  acid  salts,  bases,  and  bttsic  salts  such  as  borax.  To  obtain 
aluminium  cnrmiiiate,  add  aluminium  acetate  to  a  sulution  of  carminic 
aoid  or  ammonium  carminate,  wht-n  an  insoluble  precipitate  is  formed. 
Aluminium  chloride  is  not  so  good  because  of  the  partial  sohition  of  the 
precipitate,  while  potash  alum  cannot  be  used  at  all,  as  the  precipitate 
is  soluide  in  the  alum  solution. 

Caxmein.  It  has  been  known  for  a  long  time  that  carmin  kept  in 
an  ammouiacal  solution,  changes  in  its  appearance  and  in  its  staining 
propcrti(*s.  This  change  is  readily  induced  if  carmin  is  oxidized  accord- 
ing to  van  Wijhe's  plans*.  Dissolve  carmin  lo  grms,  in  umraonia  lo  cc., 
and  oxi(lize  it  by  means  of  peroxide  of  hydrogen  or  one  per  cent,  jujtns- 
sjum  permanganate  solution,  20  cc.  This  mixture  is  to  be  boiled  for 
a  few  minutes.  I  6nd  that  {Kitassium  permanganate  is  apt  to  oxidize 
too  far,  and  that  for  complete  oxidation  with  10  volume  peroxide  of 
hydrogen  solution  I  require  at  least  30  cc,  ajid  that  boiling  should 
occupy  about  20  minutes.  This  difference  may  be  due  to  the  fact  that 
I  dilute  my  ummoniacal  carmin  with  50  cc.  of  water  before  I  oxidize 
it.  After  tomplcte  oxidation,  for  every  25  cc.  of  carmin  solution  add 
100  cc.  of  96  per  cent,  spirit  to  precipitate  the  dye.  Half  an  hour 
later  the  oxidized  carmin,  or  as  we  may  call  it,  'caimein,'  is  filtereti  off 
and  the  filter-paper  with  the  precipitate  is  to  be  dried  in  an  incubator. 
Whfn  quite  diy  the  precipitate  forms  a  black  mass,  which  is  readily 
broken  up  into  a  black  i>owder.  It  should  be  preaenred  in  a  well- 
stopjHTed  bottle,  as  mitiuto  traces  of  ammonia  are  apt  to  l>e  given  off. 
Thii  latter  fact,  however,  iu  no  way  interferes  with  the  staining  pro|>erties 
as  far  as  I  am  able  to  see. 

>  Cv  A.  F.  KHhltMum  1  B«rltn,  &  O.,  8eiilMbol;«  Strawe  35)  kecpa  tb«>  orynUU 
in  ainck. 

*  J.  W.  van  Wijho  :    KoninMiflf  Ak94*mk  nm  Wttm$tMat9m  tt  A* 
February,  tyoo. 
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Isdigo. 

Many  plftntSj  in  particular  Indigofera  tinctorta,  I,  Anil,  Poli/ff07ium 
tincton'um,  and  Isaiis  thictoria,  contain  the  glucoeide  indican,  which 
according  to  Scbuuck  conaista  of  indigo  blue  and  iudiglucin,  thus : 

2C„H„NO„+  4H,0  =  C„H,,NA  +  6C.H,,0.. 

According  to  Nietzki  indigo  blue  contains  the  clii'omophore  gix}up : 
— CO-C  =  C-CO— 

/      \ 

— NH  NH— 

and  hae  the  formula : 

O  0 


\/\y      \^,/\y 


H  H 

Alkaline  reducers  cause  indigo  blue  to  take  up  two  atoms  of  hydrogen 
and  to  Le  converted  into  inrlfgo  white,  C,^H,jNgO,,  which,  being  a 
phenol,  remains  in  solution  in  alkaline  media. 

Indigo  blue  contains  no  salt-forming  group,  and  therefore  is  not  a  true 
dye.  It  cannot  be  used  directly  because  of  its  inaolubility  in  most  media, 
but  it  is  soluble  in  anil  in.  ludigo  white,  however,  is  attracted,  because 
of  its  phenol  nature,  by  both  wool  and  cotton. 

Sulphindigotate  of  Sodium.  By  the  action  of  fuming  sulphuric  acid 
on  indigo  white  there  is  formed  the  dieulpho  acid  C|,HgN ,0,(80311,), 
having,  according  to  Yorlander  and  Schubaii  ^,  this  constitution  : 


H0,8 


-/\- 


-SO.H 


The  sodium  salt  ofthiB  disulpho  acid  is  called  sulphindigotate  of  sodium 
or  indigo-carmin,  and  acts  as  an  acid  dye  towards  tissues  because  of  the 
sulphur  radicals  which  it  contains. 

Murexide. 

Htirexide,  C,H^N,0j>]6^Hf,  is  obtained  by  the  action  of  ammonia  on 

a  mixture  of  alloxan  or  mesoxalyl-urea,  CO<(^^a  pJv)'C0+4H,0,  and 

its  reduction  compound  alloxantin.  It  was  used  aa  a  dye  in  1853 
because  its  red  solutions  form  very  inpoluhle  compounds  with  calcium, 
barium,  tin,  lead,  and  especially  mercury  salts. 

■  VorlUnder  and  Schubart :  Bar,  d.  dmUeh.  eftmt.  OMeOwA.  84,  1860-63  (1901). 
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Oroein  and  Litmus. 

Tlie  lichens  Ltcanora  tinctoria  and  Roccella  tinctoria  are  tbemBelret 
colourless,  but  if  they  ore  treated  wit  It  ammonia  and  are  freely  exposed 
to  the  air,  violet  or  blue  colours  are  protluced.  These  depeud  ou  peculiar 
acids  which  under  the  Action  of  alkiilies  split  up  into  orciu-carbouic 
acid  and  orcin,  C'H,'C',Hj'(OH)„  and  erythrolcic  acid  and  azo-crythrin, 
C\U,qO^.     Orcin,  acted  u[K)n  by  air  and  ammuuia,  is  changed  into  orcein^ 

Orcein  is  a  weak  acid ;  it  is  soluble  in  alkalies  with  a  violet  colour, 
is  precipitated  hy  acidii,  and  forms  insoluble  lakes  with  lime  and  the 
salts  of  the  heavy  metals. 

liitmoB  is  obtained  from  the  same  lichens  which  fonn  orcein,  if  they 
be  treated,  in  addition  to  air  and  ammonia,  with  liuie  and  potash  or  soda. 

Aloannin. 

Aloannin,  Cj^Hj^Oj^j,  obtained  from  the  roots  of  Anchtua  ttnctoria^ 

forms  a  red  paste,  acid  in  character.  It  is  insoluble  in  water,  but  soluble 
in  alcohol,  ether,  ligroin,  fatty  oils,  and,  as  Pfldger '  has  shown,  slightly 
soluble  iu  glycerin,  and  fairly  so  in  bile  and  Kiap. 

Alkalies  diasiilve  it  with  a  blue  colour,  while  acida  precipitate  it  from 
an  alkaline  solution  as  a  red  aniorphoua  mass. 

A  diaceiate  is  formed  by  the  action  of  glacial  acetic  acid  and  sodium 
acetate  (Carnelutti  and  Nas&iui). 

Notliing  very  definite  is  known  as  to  the  constitution  of  alcannln. 
The  last  account  is  by  Liebermann  and  noiner*,  who  arrive  ut  the 
conclusion  that  it  is  a  methyl-dioxyaiithraquiuone  (pp.  398,  399)  or 
a  compound  richer  by  two  atoms  of  hydrogen. 

m.    CoMPOtTKU  Dtks. 

Under  this  heading  we  may  group  all  those  dyes  which  contain  an 
acid  chromophore  iu  combiuatiou  with  a  basic  chromophore,  the  two 
together  forniin>;  a  salt, 

I.  Eoainate  of  Metbylene-blue.  The  idea  of  uniting  the  staining 
principles  of  acid  and  ba»c  dyes  originated  with  Bomanowsky  ^  who 
in  1 891  combined  equimolecular  proportions  of  methylene-blue  and 
eosiu,  and  thus  obtained  the  eosinate  of  methylene-blue.  He  also 
recognized  the  formation  of  a  third  neutral  colour,  namely  methylene- 
violet  (p.  405),  which  he  believed  to  have  a  special  affinity  for  the 
chromatin  of  malaria  parasites.  Ziemaan  (1898)*  confirmed  the  obecr- 
vationa  of  Romanowsky,  tmd  showed  that  the  eo»iu-roethyleue-blue 
compound  is  soluble  in  an  excess  of  either  methylene-blue  or  eoain. 
Roflin  (1898)^  arrived  at  the  same  results  as  Ziemanu,  but  succeeded  in 

'  Arch.f.  Phv»iol.,  August,  1900.  Se«  also  Hofbauer's  paper  on  'Fat  abtorp- 
tion  Mid  Lackroth.'     A.  MeUt«r,  Luoiu*  and  BrQning,  HOob»t  •.  M. 

*  B«riehte  d.  dtuttch.  eh^m.  Omikak.  90. 0406  (1867). 

'  Roiuanovraky  :  Zur  Fngt  i.  PurmtiM.  m.  dL  Thtrap.  4.  Malaria,  Si.  Petersburg, 
X891. 

*  Ziem&no  :  <  Vlbvr  MaUriA  u.  utden  BIutparMiteo,'  «to.,  OmtnM,  /.  MakUr. 

*  Bona  :  DmU$th,  Mtd,  WvcMiiutkr.  $9(1898;. 
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preparing  ihe  eosin-nietliylene-blue  in  definite  crj-stals,  and  h*  was  the 
fij'st  to  realize  the  iiuportrtnce  of  this  corapouiid  for  microcheuiicHl  reoc- 
tione.  Zettnow '  gives  h  detiiiled  account  of  the  bohaviour  of  difTerent 
methyleue-hlues,  the  changes  produced  in  them  hj  alkalies,  and  how  to 
combine  these  blaes  with  eosia.  I  do  not  give  his  method  in  full 
because  it  ie  more  compltented  tbHn  that  of  Laurent  and  does  not  give 
better  results.  Nocht  (1899)*  and  iudepeudtnitly  of  him,  Rosin",  dis- 
covered that  on  combining  eoain  nnd  un-thyleue-bhie,  there  is  also  formed 
metUylene-azur.  The  latter  seeniB  to  be  the  eesential  factor  in  staining 
the  malaria  paraBite  (Nocht,  ZiemanUj  Rosin)  and  the  red  granulations 
in  bacteria',  Rosin  in  hia  last  paper,  JanuHry,  1900',  speaks  of  five 
distinct  colours  formed  by  unitin;^'  eoain  and  methyk-ne-ljlue.  All 
colours  are  soluble  in  chloroform,  but  to  a  differfut  extent;  thus,  by 
evaporating  the  solution,  the  first  substance  to  separate  out  is  the 
eosinate  of  niethylene-blue.     The  five  dyes  are : 

(i)  Eosinate  of  methylene-blue,  insoluble  in  ether,  elightly  soluble  in 
chloroform,  forming  a  reddish-violet  solution  with  no  fluorescence. 
Eeudily  soluble  in  alcohol,  with  a  blue-violet  colour  and  green  fluor- 
escence. 

(2)  Methylene-violft  (see  p.  405),  not  very  soluble  in  ether,  with  a 
carmjti  colour  and  brown  fluorescence. 

(3)  Mcthylene-a^ur,  more  Boluble  in  ether  than  methylene-violet,  and 
with  a  raspberry  colour. 

(4)  Methylene-orange,  very  soluble  in  ether. 

(5)  Black  dye,  insoluble  in  ether,  and  best  obtained  by  making  a 
chloroform  solution  of  the  methylene-violet  precipitate,  along  with 
■which  it  separates  out,  and  then  prL'ci|dtatiug  the  black  dye  with  ether. 
The  raethylene-orange  seemB,  however,  according  to  my  experimeuts, 
to  be  nothing  but  tetrabrom-fluorescein,  derived  from  the  eosin. 

Jenner*  disaolves  the  precipitate  which  is  formed  by  adding  eosin 
to  raethylene-blue,  in  Merck's  pure  methyl -nleohol,  in  which  it  is  more 
soluble  than  in  ethyl -alcohol.  The  use  of  this  soluttun  is  explained 
on  p.  219. 

Iiaurent'  has  given  the  most  concise  directions  for  the  preparation 
of  methylene-blue  eosinate :  lie  uses  Grubler's  eosin,  which  is  the  potash 
salt  of  tetrabrom-fluorescein,  Cj^HJVgBr^Oj  (see  p.  429),  and  iMjssessefi 
a  molecular  weight  of  724,  and  Merck's  medicinal  raethylene-blue, 
CijHjjNjSCl  (aee  p.  404),  with  a  molecular  weight  of*3i9'4.  As  eoein 
is  a  dibasic  acid,  two  molecules  of  methylene-blue  to  one  of  eosin  must 
be  taken,  or  724  eoaio  =  2x319-4  =  6,388  of  nietliyleiie-blue, — or  to 
1,000  cc,  of  I  per  cent,  eosin  add  882-3  cc.  of  1  per  cent,  methylene-blue. 
Let  this  mixture  stand  for  2x24  hours  to  allow  the  neutral  precipitate 


^  Zettnow  ;    '  Romanowitky'ti   Fftrbung  bei   Baktericn,'   Zeilach.  /.    Hjfffitne  u. 
Injectionskranktu  (Kocli  and  Fliiggp\  1899.     See  h\so  Z.f,  «««.  Mikr.  f<»r  nb&ir 

*  Nocht  :  CmlrfUbl.  /.  Bakiericl'.  25  (1B99). 

*  Rosin  :  Berl.  klin.  Wochenachr.  12,  351-953  (1899). 

*  Foinberg:  '  Uberden  Bau  d.  B»ktt>riim,'  AtiaL  Ant.  17,  March,  1900. 

*  Rosin:  GtntrolM./.  PhyaioL  13,  561-565  (1899). 

*  A.  Jonner:  Lancet,  6  (1899. 
^  Huns  Laurent:  Centralbl./.  cdlg.  PalhoL  tmd palKut.  AnaL  9,  86-97  1,1898). 
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to  settle.  The  liilter  may  be  obtained  iu  a  pure  form  by  washing  in 
water,  or  it  may  be  shaken  up  and  be  kept  with  tlie  mother  liquor, 
which  coniains  potassium  chloride  derive*^  from  potasf-iura  of  the  eosin 
and  the  chlorine  of  tlie  methylene-blue.  Store  for  future  use  in  wall- 
stoppered  bottles.  TJje  raetliod  of  uBiujr  this  uontrnl  precipitate  is  given 
in  detail  on  p.  219,  and  therefore  it  will  suffice  now  to  mention  the  fact 
that  Laarent  has  fourul  the  precipitate,  which  is  iuBoluhle  in  water,  by 
prolonged  boiling  to  becoroo  eoluble  and  to  ri'main  bo  for  5  to  6  lioure, 

2.  Bosanilin  picrate  has  been  obtained  by  Ehrlich  and  Lazarus* 
by  combii)iii.p  rosaniliii  acetate  and  ammoidura  picrate. 

3,  Other  compouoda  of  acid  and  Imfio  chromopbores  Ponin  de- 
■eribed  in  1899*,  namely  between  methylene-blue  and  erythroeinj 
methyl-green  and  methyl-orange;  malachite  green  and  rubin  S-,  methylene- 
blue  and  picric  acid ;  magenta  aucl  picric  acid,  previously  described  by 
Ehrlich  and  Lazarus. 

Seyewetz',  when  experiraeutieig  with  the  basic  dye  auramin,  found 
that  aromatic  or  b<'nzcne  compounds  containiug  the  ludicals  COOH,  OH, 
SOjH,  NO,,  CO-CO  only  once  do  not  precipitate  auramin,  but  that  tliey 
do  so  if  two  or  more  of  these  radicals  b«  present. 

Analogously,  oonipounds  containing  one  group  of  NH-,,  NH,  N=  or 

—  N  =  N—  radicalH  do  not  precipitate  picric  acid,  while  tlioee  benzene 
compounds  which  contain  one  or  more  groups  of  NU,  contbinod  with  the 

—  X  =  N—  group,  as  in  the  amido-azo  compounds,  do  precipitate  picric 
acid. 


Further,  the  groups 


-NH 

-N- 

-NH 

1 
-N- 

/^ 


/\/\ 


\y    \/\/\' 


R 


and 


also  do  not  precipitftte  picric  acid. 


The  general  cont-lusions  he  arrives  nt  are — 1.  On  introducing  in  an 
aromatic  substfince,  not  containing  a  chromophore,  the  groups  OH  and 
NHj,  a  substance  reralts  which  does  not  precipitate  picric  acid.  2. 
There  is  also  no  precipitation  if  COOH  gruupa  are  present,  with  or 
without  OH  groups  in  the  presence  of  the  radical  NH,.  3.  If  one  or 
more  80,H  radicals  be  present  beside  the  NH^  group  then  auramin  i« 
precipitated. 

Seypwetz*   bM   continued   the   researches  of  Rosin   and  finds   that 

■  Khrlir-h  Hnd  Launiii :   Die  Ana0mi4,  1698. 

*  Ko«iu  :  '  Cbcr  oiiw  neo*  Orapiw  v.  AuilinfartMAoIlMi,*  Btrl.  KUn.  WocMen- 
ichr.  12^  351,  353.  *  S«7ewotx  :  Oompt.  Smd.  ISO,  S^ 

*  Seyewelz  :  ibid.  1770-1773,  abstraotod  in  Jowm.  Soe.  Chwm,  Indtut,,  SepL 
1900. 
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roBanilin  hydrocliloride,  represeuUug  the  basic  dye,  unites  with  the 
Eodium  ealtfl  of  the  following  nitro-djeR  :  i  :  2  nitro-phenol  ;  1:2:4 
tU  nitro-pheiml ;  picric  acid;  Martius' yellow  ;  napbthol-yellow  S  ;  mono- 
uitro-reBorciuol  and  hexanitra-dipheDjlnmin,  according  to  the  following 
reaction : 

CioH,(NO,),ONa+ChC.C„H„N,  =  Nfta  +  C„H/NO,),O^CX\,H^N,. 
Martius'  yeliow  +  rosaniJin  hydroi-hloride  ==. 

HKlium  chloride  +  Martius'  yellow-rosauilin. 

He  further  atatea  that  dye-Btuffs  containing  only  NO,  and  OH  groups 
unite  with  roaauilin,  molecule  for  molecule,  while  naphthol-yellow,  which 
also  containB  a  sulphouic  group,  unites  with  two  naolecules  of  rosanilin. 
Other  dyes  unite  with  rosauitin  in  these  proportions : 

/  diquinone-dioxime 
phthalcin 
puraroeolio  acid 
chrome  violet 


molecule  < 


chrome  blue 
alizarin  orange 
alizarin  red 

alizarin  blue 
^  amtdo-ftlizarin 


molecule  of  rosanilin. 


iW 


4.  Safk*aiiiji  azo-dyes  contain  in  each  molecule  an  azo  group  and 
azonium  ehromophore  cbaractenBtic  of  safranin.  They  are  made  by 
diazotiKing  a  gafranin  and  euhsequently  joining  it  to  a  phenol  or  an 
amido  group.  Their  importance  for  histological  research  was  first 
pointed  out  by  Ehrlich ',  and  ou  his  suggestion  these  dyes  were  tho- 
roughly investigated  by  itichaelis',  according  to  whom  the  substance 
diethyl-safranin-azo-dimethyl-anilin,  or  Janus  green,  aa  it  is  called  by 
the  anilin  dye  manufactory  in  Hochst,  possesses  thin  formula : 


(C,H.)^- 


N-N- 


/\ 


-I*(CH.), 


V 


A  detailed  account  of  ita  properties  is  given  by  Michaelis^ 

'  Ehrlich:  r«nit'n/ar  i'n»<re  Uedicin,  i  Dec.  1898. 
*  L.   Micbaelis;    'Die  vitAle    F&rbiuig,    eine    Daretellungsmethode    d.  Zell- 
granula,'  Arch,  /.  mikr.  Anat.  66,  558-575  1^1900). 


ADDITIONAL  NOTE  L 


MICRO-ANATOmCAL  REACTIONS. 


I 


Elastic  tissue. 

The  firat  to  describe  a  dislinct  Btaiiiitig  inethod  for  elastic  fibres  with 
anilin  red  was  v.  Ebeiier ",  and  Martinotti  *  has  collected  the  older 
literature  up  to  1887. 

The  dyea  which  have  been  chiefly  ueed  are  Picric  acid  io  tlie  form  of 
pioro-cannin  by  Ilanvier;  Victoria  blue  in  an  alcoholic  aolation  by 
Lustgarten' ;  Safranin  (Miframti  5  grms.,  al}8olute  alcohol  100  cc,  water 
300  ce.  for  forty-eight  bours),  after  fixation  in  o*a  per  cent,  chromic  acid 
by  Marttuotti ;  Fuchain  by  Weigert,  see  below;  Orcein  by  Taozer  and 
Unna,  eee  below  ;  Kreso-fuchfliu  in  an  alcoholic  solution  by  Eothig  *,  and 
Methyl-violet  by  myself  in  a  watery  Bolut ion  after  alcohol  fixation.  The 
latter  staine  elastic  fil>rc8  deeply,  but  alcohol  diBchar;;e8  the  colour,  and 
therefore  the  method  of  W.  H.  Welch  (1876)  should  be  employed. 

Welch  dries  sections  partiiilly  with  filter-paper  (I  use  cigarette  or  thin 
toilet-paper),  then  covers  them  with  xylene  and  alternately  applies  xylene 
and  blotting-paper  till  the  sections  are  quite  clear.  This  is  a  rery  good 
method  if  we  desire  to  preserve  the  actual  staining  effect  of  watery 
etaiuB. 

The  best  method  for  elastic  fibres  I  consider  to  be  Wcigert's,  as 
only  ekatic  fibres  are  statncii.  The  orcoin  methods  are  the  next  bebt,  but 
the  nuclei  are  alao  stained. 

Weigert's  method  for  elastic  fibres. 

The  stain  is  prepared  thas:  Dissolve  in  a  porcelain  basin  basic 
iiiohain  or  parafuclisin  or  new-fuchsin  z  grmis.  and  reaorcin  4  grms. 
in  aoo  cc.  of  water  by  boiling;  add  to  the  boiling  mixture  25  cc.  of 
the  liquor  fen'i  sesquichloi'.  Pliarm.  Germ.  Ill,  and  continue  to  boil  for 
some  miuutets. — I  add  sufficient  of  a  saturated  ferric  cliloride  solution  to 
precipitate  the  whole  of  the  dye  and  to  have  a  distinct  yellow  colouration 
of  tlie  supernatant  solution.  A  black  very  sticky  sediment  forms  in  the 
basin ;  pour  off  as  much  of  the  solution  as  will  flow  off  readily  ;  add  acxi 
cc.  of  95  ]>cr  cent,  nlcohol  and  dissolve  the  sediment  by  boUing ;  filter 
while  hot  into  a  bottle  and  add  to  the  alcoholic  solution,  after  it  has 

'  V.  Ebener :  RcWt  U'ntm.  a.  t.  Irtit.  /.  Phyt.  w.  HUkt.  in  Ortu  (Leipzig,  1870), 

p.  3* 

*  O.  Martinotti :  Ztittch./.  tciaa.  iSikr.  4,  31  (1887). 

*  Lustcarten  :  Med.  Jahrb.  d.  XaiMerL  Kitxifil,  On.  d.  Aenit  x.  Wtln,  p.a8< 

*  Rrt»lti(; :  Arth.  /.  mikr.  Annt.  66,  354  Jgoo).   Thia  dye  stains  olaatio  fih 
macUA,  cartilag«,  and  keratin  red. 
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cooled,  4  cc.  of  Jiydrochloric  acid. — I  have  added  witii  ndvantage  np  to 
10  cc.  of  hydrochloric  ncid.  Traces  of  ferric  chloriile  in  the  staiti  are 
ail  ad\'aiitage,  as  shown  by  Wei^fcrtj  Paul  Mayer,  and  my  own  obaerva- 
tiouB. 

St-aitt  for  one  hour ;  rinee  in  9.5  per  cent,  alcohol,  clear  in  xylene,  and 
mount  in  half^am,  Weigert  emptoys  for  clearing  95  per  cent,  alcohol 
followed  by  the  method  of  Wtdch  given  ftlwve. 

The  elastic  fibres  Btain  a  bluish-black  colour.  To  bring  out  the  nuclei 
it  is  best  to  stain  tlie  sections  in  carmiu  or  to  couuterstain  in  Bordeaux  red. 

ilichaelis^  has  made  a  Bpecial  study  of  the  three  compoueuts  in 
Weigert'e  staininff  solution,  namely  of  tlve  fuchsin,  the  resorcin,  and  the 
ferric  chloride.  The  ferric  cliloride  Beema  to  act  aa  an  oxidizing  medium 
for  its  place  may  he  taken  by  ammonium  persulphate.  The  resorcin, 
C^H/OH).,  [i  :  13J,  may  be  replaced  by  other  |<henola.  Weigert  himielf 
had  stated  that  phenol,  CjIl^OH,  may  be  subt^tituted  for  resorciu,  and 
Michaelis  baa  obtained  positive  resulte  with  orcin  (p.  441),  pyrogallol 
(p.  436),  atid  orthocresol  (p,  ga).  Instead  of  fuchsia  the  following 
basic  d^'ea  may  be  used  :  dimethyl-safranin  (methylene-Tiolet,  Farbwerk 
Muhlheim),  ordinary  safninin,  methyl-violet,  kresol-violet  RR  (Mahl- 
heini),  Lhionin  and  toluidin-hlue.  The  latter  is  not  very  i^ood  for  elastic 
fibres  and  methylane-hlue  does  not  stain  at  all*.  In  addition  to  the 
coloured  bases  merit ioned  above,  uncoloured  aromatic  bases  were  also 
found  to  give  positive  results,  tis  do  for  example  the  chlorides  of  anilin, 
dimethyl-aniliu,  and  paratoluidin. 

The  following  colour  effects  are  obtained  with  these  dyes: 

Fuchsin-f  resorcin  ^blue-black. 

Fuchsin  +  orcin  =  red- violet. 

Fuchsiiii  +  pyrogallol  ^  dark-red. 
Diniethyl-safranin  +  resorcin  =  red-violet. 

Safrauin -I- resorcin  ^  red. 

Methyl-violet -h  resorcin  =  green. 

Dimethybanilin  + resorcin  =  bluish-black. 

Paratoluidin  -|-  resorcin  ■=.  brown-black. 

Anilin  +  resorcin  ^  grey. 

Nothing  is  known  about  the  chemical  constitution  of  these  dyes  or 
that  of  the  elastic  tisfue,  to  throw  any  light  on  the  chemical  interaction. 
It  seems  necesfary  to  idways  use  these  dyea  in  sti'ongly  acid  solutiooB, 
the  hydrochloric  actd  producing  prohably  a  partial  double  dissociation  of 
the  dye  radical  and  the  elastiu  nidical. 


The  Orcein  method  of  T&naer. 

TauEer' introduced  in  1891  the  orcein  method  for  staining  elastic  fihres. 
and  I  like  his  original  formula  better  than  that  published  by  Uuna  in 
1894*. 

'  L.  Miehaelia  ;  Deutsche  mtd.  Wochenach.  27.  No.  14,  p.  aip  (1901). 
'  The  chemieal  constitution  of  those  dyes  i&  given  on  p.  404. 

*  T&nzor  ;  Mmati^^/.  prakt.  Derm.  12,  394  (1891). 

•  UaaB  :  ibid.  19,  398  C1B94),  and  ZeiUch.  /.  icus.  Mikr.  12,  940  (1895). 
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Orcein 

Absolute  alcohol 
Distilieil  water 
Hydrochloric  acid 


TSntn't  SolvUcm.  Uruia't  SotuMon. 

I  gmi.  I  grm. 

80  CC.  .  .100  CO. 

40  drops       .  I  CO. 

izer  fixi?9  in  alcohol  (or  Miilkr's  Bolulion),  stAiue  aection  for  6  to  24 
>tir&,  and  diiTerentiaiea  in  a  solution  of 

Hydrochlnric  acid  .  .  o>i 

Distilled  water     ...         5 
The  cbemistry  of  orcein  is  discussed  on  p.  441. 


I 


I 


The  Haematoxylin  method  of  Harris. 

Harris'  ttates  that  he  accidentally  discovered  hueinfltein  eolations  to 
have  a  remarkable  afliiiity  for  elaatiu,  if  Ihey  be  prepared  in  a  certain 
way.  I  have  kuuwn  about  tins  property  for  a  coiieiderahle  time,  because 
my  haeinatein  solution  (p.  239),  if  old,  will  readily  stain  the  elastic  fibres 
in  the  mesentery  of  the  frog,  and  I  liave  used  this  method  for  class  pur- 
poses for  several  years. 

Harris  makes  his  '  ela&f  baematein  '  in  the  following  way : 

Haematoxylin     .         .       o<2  grm. 

Aluminium  chloride    .       o>i     „ 

50  per  cent,  alcohol    .   100     cc.  , 

'  Dissolve  the  haematoxylin  and  aluminium  chloride  and  then  carefully 
bring  the  solution  to  a  boil  :  0*6  gnu.  of  mercuric  oxide  is  now  slowly 
added,  and  as  soon  a8  the  mixture  anomea  a  dark  purple  color  it  is 
removed  from  tlie  flame  and  cooled  rapidly.'  Filter,  cool,  add  one  drop 
of  hydrochloric  acid,  and  set  asi<le  for  some  weeks  to  let  the  solution  ripen. 
Tlie  ripening  does  not  depend  on  oxidation,  and  Harris  was  unable  to  find 
out  the  reason  why  his  solution,  when  freshly  prepared,  as  a  rule,  does 
not  iitain.  To  stain  elastic  ti^suf  proceed  thus :  Immerse  sections  in  the 
stain  for  5  to  10  minutes,  wash  the  tissue  for  al>out  one  minute  in 
A  I  per  cent,  solution  of  nitric  acid  in  alcohol,  wash  in  neutral  alcohol  to 
remove  the  acid,  clear  and  mount  in  balsam. 

The  elnsthneumtein  of  Harris  closely  resembles  the  muc-haematein  of 
Mayer  (p.  238).  If  sections  be  stained  in  Mayer's  mnci-carmin  (p.  246), 
and  then  be  differentiated  in  nitric  acid  alcohol,  '  any  elastin  present 
stains  much  more  brilliantly  than  do  the  otlier  structures.'  Mucin  also 
stains  by  the  elastliacmatein,  but  there  is  no  possibility  of  confusing  it 
with  elastin. 

The  best  method  for  fixing  elastic  tissues  for  micro-chemical  resc«rch  is 
of  course  alcohol,  but  for  micro-anatomical  research  any  of  the  ordinary 
methods  may  be  used.     Gardner*  has  studied  the  histogenesis  of  elastic 

*  H.  F.  Harris :  ZettvH.f.  win.  MOer.  18,  990  (1900V 

*  Gardner:  L*  Phyaiol<,gisU  £iu*e,  1,  3  {tbgS-g  ,  abstnM>t«<t  in  2ntoeA.  /.  ipiaa. 
Mikr.  18,  6^  (1901). 
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fibres  in  the  amnion  of  different  aulmals.  The  amnion  is  fixed  for  two  to 
three  days  in  Miiiler's  solution,  rinsed  in  dietilled  water;  the  chrome  salt*, 
extracted  in  the  dark  with  60  per  cent,  alcohol  and  the  amnion  preserved 
till  needed  in  75  per  cent,  alcohol.  After  removing  the  epithelium  by 
shaking  It  with  a  pair  of  forceps  the  amnion  is  divided  into  lamellae  anu 
Btained  in  Tanzer'a  modification  of  Unua's  fucheiu  method  : 

Stain  as  a  preliminary  in  Bismjirck-brown,  rinse  in  water  to  remoye 
the  eicesB  of  thia  dye,  then  stain  for  twenty-four  hours  or  longer  in  Tainzer's 
solution : 

Fuchsin         .....         o>5 
Alcohol  .....       25-0 

Distilled  water      ....       2 5-0 
Nitric  acid,  25  per  cent.        .         .       lo-o 

Transfer  lamella  for  one  second  into  2  g  per  cent,  caustic  potaah,  and  rapidly 
wait^h  ouf  the  potaeh  in  a  series  of  dishes  containing  distilled  water,  and 
examine  in  very  dilute  glycerin  or  water  containing  thymol.  The 
elastic  fibres  are  dark  blue,  the  plasm  pink,  and  the  nuclei  dark  red.. 

For  the  etudy  of  the  general  arrangement  of  elastic  fibres  to  the  rest 
of  the  tissue,  Gardner  fixed  the  amnion  in 

Copper  acetate,  saturated  watery  solution  4  parts 

Osmium  tetroxide,  i  per  cent.  .         .         i  part 

Til  is  mixture  is  said  not  to  cause  the  same  amount  of  shrinkage  as  doea 
sublimate  or  osmium. 


Fibrin  method  of  Weigert. 

This  method,  resembles  that  used  by  Weigert  for  staining  bacteria,  but 
differs  from  the  latter  in  the  method  of  differentiation. 

Fix  tissues  in  alcohol ;  stain  sections  for  five  to  fifteen  minutes  in 
Weigert's  methyl-violet  oxalic  acid  stain  (p.  213)  or  in  Ehrlich'a  gentian- 
violet  aniiin  water  stain  (p.  213)  ;  rinse  in  o-6  per  cent,  salt  solution; 
diy  with  filter-paper  or  cigarette-pajier ;  treat  with  an  iodine-iodide  of 
potassium  solution  '  for  two  to  three  minutes  ;  dry  with  fiUer^paper.  De- 
colourize and  differentiate  in  a  mi.xtnre  of  anilin  oil  two  [ini-ts  and  xylene 
one  part ;  remove  the  anilin  with  pure  xylene  and  mount  in  balsam. 
Everything  is  decolourized  except  fibrin  and  Isacteria. 

Kromayer"^  uses  a  plight  modification  of  Weigert's  method,  a  saturated 
wateiy  solution  of  methyl-violet  6B  and  of  anilin  water  equal  parts,  and 
for  difletentiating  the  sections,  anilin  oil  one  jmrt  and  xylene  two,  three,  or 
four  parts,  to  obtain  a  sharp  staining  of  Ranvier's  fibrils  in  stratified 
epithelia. 

Beneke  *  by  using  two  parts  of  anilin  oil  to  three  parts  of  xylol  demon- 
etrates  by  Wei^^ert's  fibrin  method  mitoses;  connective-tissue  fibres 
(bluish-  or  reddish-violet);  elastic  fibres  (brilliant  red)  ;  fibrils  in  hone; 
Sharpey's  fibres,  Bowmann's  segments  in  striped  muscle  and  neuroglia. 

'  Iodine  I  grm.,  iodide  of  potasaium  a  grms,,  water  100  cc. 
■  Arch./,  mikr.  Anat.  S9,  141  (189a). 
*  Ztitsch./.  wtM.  Mikr.  11,  79  (1894). 
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Nerve  fibrils. 

The  methods  of  Ap&thy  (p.  240)  and 'of  v.  Knpffer  (p.  224)  have 
iJfeody  l)een  given,  while  tliftt  of  Hethe  is  given  below.  I  have  usetl  for 
the  tracing  uf  bundles  of  fihrila  tSsaues  fixed  in  osmo-subliniate,  in  forraol, 
or  in  chromo-Bublirnate.  It  is  quite  unnea>«8ary  to  etaiu  wctions  to  Boe 
the  fibrils,  hut  they  may  be  retidily  stained  by  mordanting  Bectione  in 
chromic  acid,  copper,  or  other  reagentB  giving  deeply  coloured  lakes, 
and  staining  with  very  dilute  hftematoxylin,  or  staining  iu  one  per  cent, 
haematozylin  and  tlicu  diflferciitiating  very  slowly. 


k. 


Bethe's  method  for  nerve  flbrila  and  Qolgi's  pericellular 
network. 


I 

I 


According  to  Bethe's  own  account  his  method  leavea  much  to  be 
desired  as  it  ie  impossible  to  make  abrolutely  sure  of  success,  but  notwith- 
standing this  drawback  it  is  a  good  method.  His  full  account  *  uliould 
be  consulted  by  all  who  want  to  stain  nerve  fibrila 

Fixatimi :  Cut  fresh  material  into  as  thin  tslices  as  possible  (4  to 
10  mm.)  ;  place  the  flices  on  blotting-paper  and  cover  with  3  to  7-5  per 
cent,  nitric  acid '.  Turn  the  slices  several  times  in  the  course  of  twenty- 
four  hours  to  ensure  equal  fixation.  The  tempcraturo  of  the  fixing 
solution  must  never  rise  above  20°  C,  the  best  t»-mpenit«re  being  12  to 

The  nitric  acid  serves  to  fix  the  tissues  and  to  diminish  the  normal 
affinity  for  basic  dyee  which  is  shown  by  the  granules  of  Nisal  and  the 
nuclei.     Tlie  tisaaes  should  be  sufficiently  nitrated  to  (urn  a  pale  yellow 
colour,  but  on  no  account  tibould  they  be  of  a  deep  yellow  colour.     If  on 
treatment  with  ammoiuacid  alcohol  (see  below). they  turn  brown,  they 
should  be  discarded. 

Hardening:    Transfer  the  slices  directly,  for  twelve  to  twenty-four 
hours  or  even  longer,  to  96  per  cent,  alcohol. 

Extraetitm :  To  partially  remove  the  nucleo-proteid  radical  of  Ninl's 
granules,  extract  the  slices  for  twelve  to  twenty-four  hours  first  with 
a  mixture  of 

Ammonia,  sp.  gravity  095  to  0.96  .         r  part 

Water  .......         3  parts 

Alcohol,  96  per  cent.      .....         8     „ 

Tlie  presence  of  water  facilitates  the  ejctraction  and  the  alcohol  pre- 
venta  the  tisanes  from  swelling.  Eemove  the  ammonia  by  leaving  Ibe 
slices  for  six  to  twelve  hours  in  pure  96  per  cent,  alcohol. 

Then  extract  witli  a  mixture  of 

Hydrochloric  acid  (sp.  gr.  i-i8  =  37  per  cent.)         i  part 

Water 3  parts 

Alcohol,  96  per  cent 8-1  a     „ 

•  Bcthe:  ZeitKh.  f.  vcia.  Mikr.  17,  13  35  (1900"). 

■  The  strong  commercial  nitric  iieid  has  »  specific  grarity  of  P40,  and  is  equal 
to  a  65  per  cent,  nitric  ncld  >•••  p.  7t\  It  ii  this  ordinary  iiitrio  acid  which  is 
uwd  for  making  the  3  p»r  oeat  solatioo. 
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Keep  the  elicea  in  tliis  mixtore  for  twenty-four  hours,  below  ao°C.. 
then  wash  out  the  acid  io  96  per  cent,  alcohol  for  ten  to  twenty- foor 

hours. 

Removal  of  alcohol :  Leave  slicea  in  diBtilled  water  for  two  to  aix 
hours,  but  not  longer. 

Mordanting :  Use  a  4  per  cent,  solution  of  amtnoniam  molybdate  (large 
white  crystala)  for  twenty-four  hours  at  10  to  15°C.  fur  nerve  fibrils  aiid 
ut  18  to  30° C.  for  Qolgi's  pericellular  network.  Riuse  slices  in  distilled 
water. 

Imbedding :  Dehydrate  for  ten  to  twenty-four  hours  in  96  per  cent, 
alcohol,  aud  for  the  same  length  of  time  in  absolute  alcohol.  Then  take 
through  xylene,  tolueue,  or  cliloroforni  and  the  paraffin  process.  Do 
not  use  the  celloidin  method. 

Sectioning  and  mounting :  Sections  should  be  i  o  /i  thick  and  be  dxed^ 
to  the  slide  by  Mayer's  albumin  method,  as  floating  the  sections  on  warm 
water  leads  to  a  differentiation  of  the  ammonium  molybdate.  Water  at 
ordinary  temperature  hus  no  action. 

As  the  slices  of  the  nervous  system  are  not  moi'danted  equally  through 
and  through,  it  is  necessary  to  keep  all  the  sections  and  to  mount  for 
example  sectiotiB  one  and  twenty  on  the  same  slide  to  see  at  what  depth 
the  best  results  are  obtained.  Bemove  tbe  paraffin  with  xylene  and 
alcohol. 

Differentiating  and  staining'.  Cover  the  slides  containing  the  sections 
with  I  to  1-5  cc.  of  distilled  water,  so  that  the  latter  forms  a  layer  about 
1-5  to  2  mm.  thick ;  place  the  sections  in  an  incubator  heated  up  from 
55  lo  60°  C,  aud  leave  the  slides  for  two  to  ten  miuutes  (at  the  most 
twelve  minutes);  the  cerebrum  and  cerebellum  require  two  to  eix 
minutes,  the  medulla  three  to  seven  minutes,  the  spinal  cord  five  to  tea 
minutes. 

Now  pour  off  the  water  and  rinse  the  slide  carefully  three  or  four 
times  with  distilled  water;  dry  the  slide  with  a  clean  duster  and  cover 
tbe  sectious  with  1:3,000  of  toluidin-blue;  put  the  slide  into  the  incu- 
bator once  more  and  leave  it  for  ten  minutes.  Rinse  the  sections  for 
three-quarters  to  two  minutes  in  distilled  water  so  as  to  wash  off  all  the 
dye  which  is  not  bonud  chemically  to  the  molybdenum.  Dehydrate 
thoroughly,  clear  in  chemically  pure  benzene  and  mount  in  neuti-al  balsam 

(P-  377). 

I  believe  Bethe's  method  to  depend  on  the  pruictple  that  under  certaiu 
conditions,  namely,  those  where  the  fibrils  stain  deeply,  the  ammonium 
molybdate  has  certain  afftnities  unsatisfied  by  the  fibrils,  and  that  these 
unsatisfied  valencies  are  satisfied  by  the  dye.  The  ammonium  molybdate 
acts  as  tbe  chemical  link  between  the  dye  and  the  fibril  (p.  228). 

At  the  time  when  the  fibril  and  molybdenum  compound  has  certain 
free  valencies,  owing  to  an  incipient  decomposition  or  dissociation  of 
this  compound,  the  other  cell  constituents  are  as  yet  able  to  satisfy  the 
molybdenum  completely  and  therefore  the  latter  will  have  no  affinity  for 
the  bafic  dye.  This  explanation  is  based  on  Bethe's  observation  that 
after  differential ir.g  the  nerve  fibrils  stain  first,  then  are  stained 
Golgi'fi  pericellular  networks,  and  finally  the  oi-dinary  cell-plasm  and 
Nissl's   bodies.     Bethe   explains  hie  results  on  the  coefficient  of  6ia- 
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triljution  theory  of  v.  GeorgievicB  (p.  33 1 ).  He  believes  his  staining  effects 
to  depend  on  what  amount  of  differentifttion  ia  brought  about  by  the 
equilibrium  established  between  the  tiaaue  constituents  and  the  warm 
water ;  these  dividing  the  ammomum  molybdat©  between  themselveB 
according  to  Bcrtbelot  aud  JuDgfleisch's  law  of  coefficient  of  distribution. 
It  must  be  remembered  that  the  coefficient  of  diBtribution  theory  excludea 
all  chemical  interaction,  and  I  bold  that  ammonium  molybdate  unitei 
chemically  with  tlie  base  toluidin-btue. 
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Knecht',  in  1888  aud  1889,  whilst  working  with  dyes  which  etaio 
silk  and  wool  directly^  arrived  originally  at  the  conclusion  that  staining 
did  not  depend  on  mechanical,  but  on  chemical  processes  (sec  pp.  343,  361). 
Then  Witt  publiebed  hia  theory  of  solid  solutions  (p.  330),  and  explained 
the  extraction  of  dyes  from  fabrics  by  means  of  absolute  alcohol  as  due 
to  the  passage  of  the  dyes  into  a  solution  in  which  they  were  more  soluble, 
namely,  alcohol. 

As  Knt'cht  found  that  animal  fibres  only  took  up  the  dye  radical  from 
the  dye-bath,  while  th(?  hydrochloric  acid  radical  remained  in  the  bath, 
he  arrived  at  the  conduBiou  that  the  dye  radical  was  united  chemically 
in  the  fibre  tu  the  lanuglnio  acid  of  wool  or  the  sericiu  of  silk,  and  that 
this  union  was  after  the  principle  of  Witt's  solid  solution'. 

In  liis  most  recent  communication  Knecht  has  shown  that  chemical 
combinations  after  the  principle  of  salt  formation  must  take  place  in 
the  Bbre,  for  the  reasons  stated  below,  and  he  no  longer  supports  Witt's 
theory. 

Both  lanuginic  and  sericiuic  acid  form  intensely  coloured  watcr- 
insolubte  precipitates  with  those  basic  dyes  which  etaiu  directly.  The 
precipitates  or  lakes  are,  however,  Bolttble  in  alcohol  and  become 
ro-preclpitated  on  diluting  the  alcohol  with  water.  On  extracting  with 
alcohol  silk  or  wool  which  have  been  dyed,  for  example,  in  fuchsin 
and  diluting  the  alcohol  with  water,  an  insoluble  precipitate  is  also 
obtained. 

That  the  latter  is  not  merely  a  coloured  rosanUin  base  or  a  strongly 
basic  rosanilin  hydrochloride  was  sho^ii  by  dyeing  silk  (and  wool)  with 
night-blue  (B.  A.  S.  F.') ;  washing  and  drying  the  ailk  and  finally  ex- 
tracting it  in  a  Soxlilet  apparatus  with  alcohol  till  it  became  colourless : 
inspissating  the  alcoholic  extract  to  a  Email  bulk  and  then  pouring  it 
slowly  into  a  warm  solution  of  barium  hydrate  to  precipitate  the  iiight- 
blue  base  in  an  Insoluble  form.  After  filtering  off  the  dye-base,  treating 
the  filtrate  with  carbon  dioxide,  boiling,  filtering  again  aud  inspissating 
the  filtrate,  the  latter  produces  intensely  coloured  precipitates,  both  with 
night-blue  and  with  fuchsin. 

>  Edmund  Koeebt :  Str,  d.  deutaeh.  eKtm.  Gm,  31,  1557,  3804  (t888)  ;  22,  tiao 
(1889),  and  35,  iom  (190a). 

*  Knecht :  Journal  qf  tha  Soe.  qf  Dytn  and  OoLmthat*,  5,  77. 

•  B.  A.  8.  F.  means  BodiMhe  Anilin  u.  Soda  Fabrik. 

G  g  2 


452    ADDITIONAL  NOTE  TO  THEORY  OF  STAINING 

The  lake  precipitate  is  soluble  in  alcohol,  and  therefore  the  sQbstaaoe 
which  producea  lakes  with  the  dye-baseB  behaves  in  every  respect  like 
sericinic  (nr  laiiuginic)  acid. 

The  fact  that  the  lakes  are  not  quite  insoluble  in  water  will  readily 
explain  why  tissues  do  not  exhaufet  a  dye-bath  completely.  As  the 
result  of  his  recent  researches,  Knecht  has  no  hesitation  in  explaiuing 
the  dyeing  of  animal  fibres  as  due  to  purely  chemical  action. 

The  power  of  '  precijiitating  dyes  from  their  waterj'  solutions,'  or  as 
I  should  like  to  put  it,  the  formation  of  wtiter-iniHjluble  sails  (dj'e4-ti*sne 
constituent),  is  also  shown,  in  addition  to  sericin  and  lauuginic  acid,  by 
*  Bomatope '  and  albumin  digested  with  pepsin. 

Histologically  the  observations  juet  recorded  are  of  the  greatest 
importance,  becauBe  they  show  that  the  ready  removal  of  dyes  from 
sections  does  not  speak  against  a  chemical  explanation  of  staining,  and 
they  also  emjilmsize  a  point  to  which  I  have  repeatedly  drawn  attention, 
namely,  the  absolute  necessity  of  examining  tissues,  after  Btainiog,  in 
water,  before  using  alcoliol. 

The  readiness  with  which  monovtdent  alcohols  extract  colour  seems  to 
depend  on  their  molecuhir  weight:  thus  Kissk&lt'  has  found,  after  stain- 
ing with  Gram's  method,  that  the  methyl-violet  is  extracted  most  by 
methyl-alcohol,  and  gratlnally  to  a  less  and  less  extent  by  ethyl-, 
propyl-,  butyl-,  and  ismyl-alcohol  (see  p.  84).  Thus  certain  bacteria, 
which  according  to  Griim'B  method  rfmoin  stained  if  ethyl-alcohol  is 
used,  become  decolorized  witli  methyl-alcohol,  while  on  the  other  hand 
certain  organisms  which  become  decolorized  by  Gram's  method  after  the 
Use  of  ethyl-alcohol  do  not  part  with  their  colour  if  propyl-,  butyl-,  and 
amyl-alcohols  we  used. 

Hartin  Heidenhaiu'  has  realized  both  the  chemical  and  the  physical 
aspects  of  staining.  Not  being  aware  of  the  work  of  Mathews  (p.  348), 
he  has  confirm«l  the  observations  of  the  ktter  in  many  essential  points, 
and  further  brought  to  light  new  facts. 

Heidenhaiu  finds  that  feeble  aromatic  sulphonic  acids  precipita.te  only 
the  more  acid  proteids,  while  the  i^lrong  sulphonic  acids  also  precipitate 
the  essentially  basic  albumins,  there  fwing  formed  acid  albumins.  As 
regards  the  precipitability  by  dyes  there  is  not  much  difference  between 
neutral  and  acid  solutions  of  albumins.     Thus : 

metanilic  acid,     C,H/NH<,)(SO,H) :  i :  3 
sulphonilic  acid,  C,H,(NHj)(SO,H):  1 14 

decompose  congo-red,  but  they  do  not  precipitate  i  per  cent,  watery 
serum-albumin  or  casein  dissolved  in  10  per  cent,  acetic  acid.  With 
half  per  cent,  serum-albumin  and  casein  dissolved  in  0-2  per  cent,  caustic 
soda  they  give  a  (neutralization  1)  precipitate.  With  0-5  per  cent,  yeast 
Rucletn  dissolved  in  o-a  per  cent.  NaOH.  a  delicate  precipitate  insoluble 
in  an  excess  of  the  colour  at-id  is  obtained,  while  half  per  cent,  nucleio 
acid  shows  a  marked  turbidity. 

On  the  other  hand  all  tlie  proteids  just  mentioned  are  precipitated  by: 

'  C.  Ki8«kult  :  Ccvfmlhl. /.  BaeUriol.  80,  a8i  (1901). 
*  HeideDhain  :  Arch./.  tL  gta,  PhyaioU  90,  X15  (1911a). 
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I 


reaorcm-dieulpboiuc  acid  C,H,^ 


,(SO,H), 


(2  per  cent.) 


naphtbaleue-yS-moDosulphonic  acid  C,uH,(S03H)  (i  per  cent,) 

s  :  4diniti-o-i  naphthol-7  sulphouic  acid,  Ci,U,(NO,).(SO,H)OH  (i  per 
cent.) 

iiitlijtfo-blue   moiiosulpliouic    aciil  I  p  rr  >j  rj  or\  xi 
(pfuK-niciQ-sulphonie  ftcid)  j     w    s"^  1    J      s    * 

Heidenhaiu  HUggests  tbat  cyclic  and  acyclic  colour  acida,  which  ^rary 
ia  their  acidityj.  should  be  employed,  as  was  picric  acid  in  the  past,  for 
a  simultiiTieous  staiiiiiig  and  fixijig  of  tissues  '.  He  states  that  for  over 
ten  years  he  has  be«n  in  the  hiiljit  of  ucidulutin^  all  acid  dyes  with  a  few 
drops  of  0-4  per  cent,  acetic  acid  to  help  the  tissues  to  dissociate  those 
colour  acida  which  ai"e  employed  Ju  the  form  of  their  salts. 

The  next  puiut  discussed  is  why  feeble  acid  dyes  have  strong  pre- 
cipitating powers.  Thus  the  sodiura  {^alt  of  p-iihenyleBe-diamin-azo- 
a-nnphthylamin-azo-i  naphtljol-4  sulphouic  acid,  called  violet-black  by 
the  Badische  Auiliu  uud  Soda  Fabrik,  possesses  a  comparatively  large 
molecule  (niokoukr  weight  519)  in  which  the  acid  teudeticies  of  the 
1      OH  ami  SO,H  radicals  are  weakened  by  the  basic  NH^-group. 

w 


OH 


80,Na 


Violet-black. 


V^ 


Of  this  dye  Heideubain  saya  that  it  possesses  a  power  of  pre* 
cipitating  albumin  as  probably  no  other  known  substance.  In  16  co. 
of  water 

o-ooo8  gnu.  of  Tiolet-black  precipitates 
0-00025  grm.  of  egg-albuiniii  in  the  presence  of 
0-00495  gnu.  of  acetic  acid. 

Tlie  explanation  offered  is,  that  the  colour  acid  liberated  by  the  acetic 
acid  19  so  insoluble  in  water  Umt  it  combinta  chemically  with  the  smallest 
amounts  of  albumin  present  in  the  Eolutiou;  and  that  the  albumin 
oomfiound  after  chemical  union  has  taken  place  is  secondarily  denaturalized 
and  coagulated  (1.  c,  p.  139').     Tlie  chromotiopes  behave  analogously 

■  to  violet-black.     They  are  characterized  by  showing  greater  affinity  for 

■  casein  than  for  albumin. 

I         Blue-blaok  B  with  i  (OH)  and  3  {SO,H)  groups  (molecular  weight 

L 


'  The  diaadvantagea  of  piorJc  acid  u  a  fixAtive  arc  pointed  out  on  pp.  119,  latx 
'  For  a  poMibl«  azplanation  of  this  behaviour  see  p.  459. 
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757)  and  brilliant  black  3B  with  i  (OH)  and  4  (SO,H)  groups  (mole- 
cular weight  860) ; 


NaSOj— 


Brilliant  black  3B. 

do  not  coagulate  albumin  as  well  aa  doea,  for  example,  ponceaa  2R  with 
I  (OH)  and  2  (SOjH)  groups  (molecular  weight  480)  or  new-coccin  with 
I  (OH)  and  3  (SO,H)  (molecular  weight  604). 

The  following  large  nioleculed  dyes  also  do  not  coagulate  albamin  : 
Tliiazin-red  with  a  molecular  weight  of  865  : 

c<^  Vh^.c/  ')c.h,.ch, 

I  R  S03Na 

C,H,<(    >C.aH/  jf-a-joH 

and  such  amidated  dyes  ns  diamin  blue  BX  (molecular  weight  843)  and 
oxaniin  blue  3R  (molecular  weight  960): 


N. 


NH,     OH 


l^aSO, 


CH. 


-/\ 


\/ 


-CH, 


x/ 


NaSO,- 


\/\/ 


— SOjNa 

OxaioiQ  blue  SB. 


OH     NH, 

AA 


V\/ 


-SO,Nt 


The  reason  given  why  large  moleculed  dyes  do  not  coagulate  albumin, 
is  that  the  acid  radicals,  being  distributed  over  a  large  molecule,  are 
unable  to  concentrate  their  coagulating  tendencies  on  the  albumin. 

The  amido-azo-Bulphonic   dyes  are  especially  Buitahle  for  tbrowii 
light  on  the  chemistry  of  etaining,  because  their  free  colour  acids 
an  entirely  different  tint  than  their  salts,  as  ahready  meutiuued  (p.  3 


p 


» 


Congo-red. 

Congo-red  contains  two  amiilo  and  two  ealphonic  acid  groups.  On 
being  brought  iitto  contact  with  acids,  for  example  acetic  acid,  the  free, 
blue  congo  acid  is  liberated.  If  now  two  tcat-tubcB  be  taken,  one  of 
which  contains  a  certain  amount  of  distilled  water,  while  the  other 
contains  the  same  amount  of  I  per  cent.  Ferum-alburain  solution  ;  if 
to  either  test-tube  tUreo  to  four  drops  of  i  per  cent,  congo-red  solution 
are  added;  and  if  finally  lo  )>er  cent,  acetic  acid  is  added  to  the  two 
test-tubes,  then  the  congo-red  solution  iu  diBtilteil  water  is  turned  blue  at 
once,  while  the  other  test-tube  containing  the  albumin  solution  retains  its 
red  colour,  even  if  sufficient  strong  acetic  acid  is  added  to  allow  of  its 
detection  by  smell. 

Heidenhain  belieres  that  the  addition  of  congo-red  to  albumin  solution 
leads  to  the  foi-mation  of  a  fait  in  which  the  albumin  plays  the  part  of  an 
acid  white  the  undissociated  colour  Ealt  takes  on  the  paH  of  a  base, 
there  being  formed  congo-sodium  ulbuniinate.  This  is  held  to  be  possible 
because  feeble  acids  such  as  olizariu  act  on  the  amido  groups  of  the 
amido-azo  sulphonates.  By  the  addition  of  acid  the  unstable  congo- 
sotlium  albumiiMite  is  believed  to  be  converted  into  the  stable  albumin- 
congo  sulphonute.  The  reason  for  this  afii^uraption  is  the  fact  that  addition 
of  acid  to  a  congo-red -albumin  mixture  produces  a  diEtinct  darkening  in 
the  red  colour. 

By  arninging  a  series  of  test-tubes  of  i  per  cent,  serum-albumin,  and 
adding  i,  2,  3  up  to  15  email  drops  of  i  per  cent,  congo-red  solution  ; 
mixing  the  solutions  thoroughly  and  theu  adding  cautiously  04  per  cent, 
acetic  acid,  the  first  few  test-tulws  will  show  no  change,  the  next  few 
show  the  'after- darkening*  just  referred  to,  and  depending  on  the  forma- 
tion of  the  stable  albumin-cougo  sulphouate.  BimuJtaneousIy  the  limit  of 
solubility  is  reached,  for  iu  the  next  few  tubes  the  albumin  is  precipitated. 
Excess  of  acid  will  cause  the  coloured  albumin  precipitate  to  dissolve. 
These  experiments  are  comparable  to  neutralization  precipitates  (see 

p.  55)- 

The  union  between  albumin  and  congo-red  is  so  firm  that  even  5  per 
cent,  sulphuric  acid  dc^s  not  always  liberate  the  free,  blue  congo  acid. 
It  follows  therefore  that  albumin-congo  sulphonatt'S  are  relatively  more 
stable  than  are  the  sodium  salts  of  this  colour  acid. 

The  yellow,  free  acids  of  methyleosin  (dibroradinitro-fluorvsceiu)  and 
eosin  when  brought  into  contact  with  albumin  regain  their  red  colour  at 
once.     (Compare  with  the  effect  of  the  Mylios  reaction,  p.  214.) 

Alizarins  (see  p.  399)  containing  two  hyilroxyl  groups  (OH)  in  the 
ortiiopositioQ  to  the  carbonyl  group  =C=0,  are  feeble  acids  which  in 
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the  free  state  are,  as  a  rule,  only  feebly  colouied,  but  which  become  deeply 
coloured  when  the  hydrogen  of  the  hyilroiyl  groups  ie  replaced  by  metals. 
These  alixarina  give  marked  colour  reactions  with  albumin,  as  the  hitter 
acta  analogously  to  a  metallic  buBe. 

To  eliminate  tbe  error,  that  colour^ changes  produted  fn  alizarins  by  the 
addttioD  of  serum-allmnain  depend  on  the  presence  of  suits,  Ueidenhaia 
has  investigated  the  behaviour  of  inorganic  &alta.  The  chloi  ides  of  the 
alkali  uietaltj  and  ammonium  chloride  give  with  most  alizarins  at  the 
ordinary  teTnperatui-e  no  reactions.  Carbonates  (for  example  (NU^)CO,) 
iu  very  small  amonnts?  produce  colour-changes  very  readily,  alizarin  red  8, 
containing  tlie  buI phonic  group  in  the  orthoposition  to  the  dioxy  group, 
heiug  eepeciaily  eensitive. 

0       OH 

II 


:=  aUziiriii  red  S. 


\J-r\y^ 


>Na 


Sodium  and  potassium  carbonate  give  the  same  colour  as  does  albamin 
with  alizariii-cyaiiin  3E,  anthrapurpuriu,  and  alizarin  red  S,  but  on  the 
wliule  albumins  give  quite  different  colour  reactions;  thus  anthracene 
blue  WK 


OH 


OH 


Or   N-c-/^\oH 


OH       O      OH 

with  potassium  or  sodium  carbonates  forms  steel-blue  solutions,  and  witB 
albumin  a  Burdeaux-red  solution  which  on  heating  becomes  violet. 

Ammonium  carbonate  greatly  resemblee  albumin  iu  its  reaction,  but 
the  nearest  approach  to  proteide  is  obtained  with  aromatic  amins,  the 
active  factor  iu  each  case  being  the  amidogeu  radical.  Biuret  is  too  feeble 
a  base  to  change  alizarin,  but  urea,  when  heated,  produces  colour-changes 
in  the  alizarin  solutions.  The  iudol  radical  of  pi  oteids  has  probably  no  effect 
on  alixarins,  as  pure  indol  does  not  change  the  colour  of  alizarin  solutiona. 

One  very  characteristic  reaction  with  albumiuB,  however,  is  obtained 
by  employing  alizarin  blue  S : 

OH     SOjI^a     OH 

"^    /        /\ 

-CO r     NoH 


V\ 


\y 
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fur  with  poia^sium,  sodium,  and  aminouium  chlorides,  this  salt  gives  a 
reddish  piecipitate;  with  patassiuin  and  sodium  carbooatt^B,  on  heating,  a 
blue  coluur  which  di^ttppears  on  cooling  ;  with  ammouium  carbonate,  naph- 
thylamin  or  uuiliu,  on  heating,  blue  solutioua  wliicli  on  cooling  separate  out 
dark  precipitates.  Seruui-albumlu  gives, however, a  brilliaut  cyanblue  solu- 
tinu  which  is  Jiut  iiffected  by  oooliiig  tht*  totution  or  b}'  keeping  it.  On  adding 
acetic  acid  to  tbe  coloured  eohittonB  of  the  salts  and  aiuins,  tht?  preci- 
pitate is  increased,  but  on  carefully  adding  acetic  acid  to  the  blue  albumin 
Eolutiou,  there  is  formed  at  first  a  precipitate,  owing  to  the  action  of  the 
Bulpbouic  nidical  of  tbe  alizarin  blue  8,  but  then  the  precipitate  dissolves 
again  cutnpletcdy  on  tbe  furl  her  addition  of  u  few  drops  of  glacial  acetic 
Acid,  and  a  beautiful  blue  solution  ia  obtained. 

The  action  on  albumin  of  colour  buses  used  m  the  form  of  salts  may  b« 
Bummarized  thus : 

I.  If  the  base  is  very  feeble,  then  the  acid  an-ion  radical  of  the  disso- 
ciated salt  is  taken  up  by  the  nlbiiniiu,  while  the  kat-iou  colour  base 
remains  in  the  mixture  with  tbat  colour  which  is  characteristic  of  the 
free  base.     Two  ezainples  of  very  feeble  basic  dyes  are : 

1  1 

Dimethyl-amido-azo-benzeno,      C,H, — N^N — O^HjN(C  EI,), 


C.H -N-N.C,H,  {  ^NH^Ha 


and 

Chrysoidin  (the  hydrochloride 
of  dianiido-azo-benzeue). 

Neutral  red  and  neutral  violet  (see  p.  410)  being  stronger  bases,  hare 
their  au-ions  removed  only  by  strongly  basic  albumins,  such  as  Schuchardt's 
commercial  Berum-Hlburnin. 

A  still  stronger  base  is  Nile-blue  hydrochloride : 


NH .  C|H( 


but  it  also  behaves  as  a  comparatively  feeble  base  and  maj  serve  as  the 
type  of  this  group. 

On  adding  the  blue  solution  of  Nile-blue  hydrochloride  to  a  eola- 
tton  of  Bchucbardt's  serum-albumin,  the  an-ion  chlorine  radical  unites 
with  the  albumin  to  form  an  albumiu  chloride,  wliile  the  solution  becomes 
red  owing  to  the  liberation  of  the  basic  Nile-blue,  which  in  its  free  or 
uncombiued  state  is  red.  On  heating  this  mixture,  the  Nile-blue  becomes 
a  kat-ion  and  the  albumin  chloride  an  an-ion,  and  the  solution  beoomee 
blue  again,  owing  to  the  fonnation  of  the  salt  Nile-blue-albumiu  chloride. 
[Nile-blue  base] -f- [albumin  chloride]  —  [Nile-blue-albumin  chloride]  '. 

*  I  hara  coached  Heidenhain's  resalts  in  the  language  of  physiMl  obem^Utry. 
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The  albumin  is  therefore  able  to  link  on  both  ions  of  the  dye-aali  Nile- 
blue  hydrochloride.  Heidenliain  believes  hia  observation  to  support 
Pttuli'fl  view  on  globulin  coagulation  (see  pp.  56  and  57). 

2.  Strong  colour  hases^  as  used  techuicnllyi.  possess  several  and  usually 
three  amidogen  radicals,  but  as  a  rule  only  one  acid  radical  joined  to  one 
of  the  NHj  groups.     Thus  new-fuchsin  : 

in 

HI  >C=C,H,(CH,)NH,C1 

H,N(CH,)H,CX 

contains  two  free  amidogen  groups  with  trivalent  N-atoms,  while  the  third 
NHj  group  has  linked  on  the  acid  chlorine,  owing  to  the  N-atom  having 
become  pentavalent. 

New-fuclisin  and  rosanilin  acetate  produce  at  the  ordinary  temperature 
a  coagulation  of  fierura-albumin,  while  malachite-green  oxalate  does  the 
same  on  gently  warming  the  mixture.  Using  five  drops  of  a  0-5  per  cent. 
new-fuchsiu  solution  is  sufficient  to  cause  a  pernmiient,  thick,  and  volu- 
minous precipitate  of  five  cc.  of  i  per  cent,  serum-alburain. 

The  acid  radical  is  believed  not  to  be  the  cause  of  this  coagulation, 
because  acids  such  as  acetic  (in  rosanilin  acetate)  or  oxulic  acid  (in  mala- 
chite green)  do  not  coagulate  albumin.  The  active  factors  are,  on  the  other 
hand,  the  free  amidogen  groups  of  the  dye  molecule. 

The  colour-changes  accompanying  the  coagulation  make  a  purely 
physical  precipitation  also  unlikely  ';  thus  very  dilute  rosanilin  nitrate, 
acetate, and  picrate  solutions  are  yellowiah-red,  but  they  turn  a  pure  rose- 
red  on  the  addition  of  albumin,  and  analogously  the  bluish-red  tintof  methyl- 
violet  is  changed  into  a  pure  blue.  The  important  point,  however,  is  that 
the  same  colour-changes  are  produced  on  adding  acetic  acid  to  solutions 
of  the  dyes,  there  being  formed  perhaps  pluri-acid  salts  having  a  different 
tint.  If  this  explanation  is  correct,  then  the  albumin  acts  as  an  acid 
towards  the  strong  basic  dye,  and  the  newly  formed  compound  is  new- 
fuchsin-chloride  albuminate, '  or  to  use  the  scientific  term : 

Triamido  -t  ritoly  1  carbi  d  ride-ch  loride  albumin  ate.' 

Compounds  between  the  dibasic  nucleic  acid  and  colour  bases  are  quite 
analogous  to  those  just  described  for  albumin,  and  are  aho  analogous  to 
the  precipitates  which  are  foiined  by  acting  on  nucleic  acid  with  the  salts 
of  copper,  zinc,  iron,  lead,  and  silver. 

The  nuclear '  chromatin '  of  authors  consists,  according  to  M.  Hcidenbain, 
of  two  different  substances,  namely  the  basichromatin  which  has  an 
affinity  for  basic  dyes,  and  oxychromatin  which  unites  with  acid  dyes. 
As  far  as  I  can  see  such  a  division  is  not  justified :  we  are  not  dealing  with 
two  distinct  substances,  hut  with  nucleins,  the  nucleic  acid  radical  of 

'  HoidDuhain  is  very  poaittve :    '  Salting  out  or  precipitation  by  phyBiool 
means  \»  quite  impossible.     How  could  wa  oxplain  by  physical  laws  thai 
drops  of  ao-5  por  cent.  Holution  of  new-fuchain  can  precipitiiti-  5  cc.  of  a  i 
cent,  serum-albumin  solution?'    The  reader,  after  having  consulted  the  ch*i 
•Ml  coagulation,  will  probably  be  less  dermatic. 
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which  stains  with  basic  dyes,  while  the  protaiinii,  histone,  or  globulin 
radical  conibines  with  acid  dyes. 

If  it  is  desired  to  stain  only  the  '  basichromatin,'  such  dyes  should  be 
cboseu,  the  amido-groups  of  whicli  ai'e  not  readily  attacked  chemically. 
In  this  case  the  comparatively  feeble,  acid  cell-plasm  will  not  be  able  to 
act  on  the  dye,  while  the  strongly  acid  nucleina  of  the  nuclei  will  either 
have  some  affinity  for  those  amidogen  groups  which  are  not  accessible  to 
the  cell-plasm,  or  even  liberate  theamidugeu  groups  from  the  acid  radicals 
to  which  they  are  united. 

A  dye  the  ami<to  groups  of  which  are  not  readily  attacked  is  methyl- 

■  green : 

■  CI 

I      an 


I 


} 


(CH,).N< 


(CH,). 


CH,-N=(CH,), 


CI 


Mftliyl-green  has  three  amidogen  groups,  of  which  two  contain  already 
a  peutavalent  N-atom  uttached  to  the  acid  chlorine,  while  the  third 
amido  group  has  u  trivalent  N-atom. 

It  is  tliis  trivalent  N  which  gives  a  feeble  basicity  to  the  whole  dye 
molecule,  and  we  have  to  assume,  when  nuclein  compouuds  are  stained 
by  methyl-green,  tliut  the  trivalent  N  attaches  itself  to  tlie  nuclein  com- 
pounds after  having  licc^fme  pentavalent,  or  that  the  nucleic  acid  radiad 
of  the  Qucleiu  displaces  in  the  dye  molecule  one  or  both  of  the  chlorine 
atoms. 

Whether  the  explanation  offered  by  Heidenhain  as  regards  the  beha- 
viour of  violet-black  (see  p.  453)  is  correct  seems  to  me  doubtful.  I 
believe  what  huppens  in  bringing  feeble  acid  dyes  in  contact  with  olbu- 
min  is  to  precipitate  the  dye  in  a  colloidal  form,  and  this  dye  in  setting 
carries  the  albumin  with  it  by  a  purely  mechanical  process. 

The  possibility  of  a  mutual  cullotdlMl  precipitatiun  owing  to  a  slight 
altenitiou  in  the  molecules  of  the  dye  and  the  albumin  does  also  not  seem 
^uite  impossible. 
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Electrical  M6asu];ea. 

A  dyne  is  that  unit  of  force  which,  acting  ou  a  mass  of  I  gram  in  a  slate 
of  reet,  gives  it  au  acceleration  of  one  ceutimetre  per  &ecoijd  per  second. 

An  erg  is  the  unit  of  work  done  by  propelling  a  body  through  a 
disttiuce  of  one  centimetre  against  the  force  of  one  dyne. 

As  the  force  of  gravity  on  one  gram  ;=  981  dynes,  the  work  of  lifting 
one  gram  weight  tbroiigh  a  heiglit  of  one  ceutimetre  =  981  ergs. 

A  coulomb  ia  that  unit  quantity  of  electricity  which  can  deposit 
under  appropriate  conditioua  i-iiS  niilligraiaa  of  silver  from  a  solution 
of  a  silver  salt,  or  to  give  a  chemical  unit,  it  takes  96,540  coulombs  to 
liberate  i-oi  gram  of  hydrogen  from  an  electrolyte. 

The  obm  or  unit  of  electrical  resistance  is  the  amount  of  resistance 
offered  by  a  column  of  mercury  i  sq.  nmi.in  section  ami  1-0626  metres  long. 

The  SiemeoB  mercury  unit  is  the  resistance  of  a  column  of  mercury 
I  sq.  mm.  in  section  and  exactly  one  metre  long. 

An  ampi&re  is  a  current  which  passes  in  ever}'  second  at  the  rat« 
of  one  coulomb  through  a  conductor. 

Therefore  to  get  a  current  of  one  amp^^re  to  develop  i-oi  gnn.  of 
hydrogeUf  it  must  pass  for  96,540  seconds  or  twenty-six  hours  and  forty- 
nine  minutes  through  the  electrolyte.  Just  as  the  same  amount  of 
water,  but  falling  from  difTerent  heights,  will  do  different  amounts  of 
work  according  to  the  impetus  it  has  acquired,  so  will  an  electrical 
current,  according  to  its  tension,  electro-motive  force,  or  potential  differ- 
ence, produce  different  effects.  The  electro-motive  force  is  measuretl 
by  ttdfiug  as  a  unit  the  volt  or  the  difference  of  potential  found  at  the 
two  ends  of  a  resistance  of  one  ohm,  when  an  ampere,  that  is  ono 
coulomb  of  electricity  per  second,  is  passing  through  the  resistance. 

The  watt  or  volt-coulomb  ia  the  product  of  the  volt  into  the  cou- 
lomb, and  IB  equivalent  per  second  to  10^  ergs,  10,204  gravitation  units, 
or  0-241  calories. 

A  maorooallory  is  that  amount  of  heat  which  is  required  to  raiae 
one  kilogram  of  water  from  o°C  to  i°C 

A  microcallory  is  the  yj^^  V^^^  "^^  ^  macrocaUory,  and  therefore 
corresponds  to  the  amount  of  heat  which  will  raise  i  gram  of  water 
from  o^C,  to  i°C. 

The  Board  of  Trade  unit  of  electric  power  is  1,000  watt  hours. 

E  electro-motive  force  volt 

=  ampere  -r — 
*        ohm 


Ohm's  Law  =  C  ^  =  current 


resistance 

[C.O.S.  means  ceutimetre,  gram^  and  second  units,  chosen  in  t88i  by 
the  international  congress  of  electricians  at  Paris.] 

English  ani>  French  Measubes  and  Weights. 

EngUfih  avoirdupois  weights. 
1  pound  (lb,)     s=  16  ounces  =  453-5925    grams. 

1  ounce  (o£.)      =  16  drachms  =    28-3495    grams. 

1  drachm  (dr.)  =  27-34375  grains    =      0-772      gram. 
1  grain  (gr.)  =      006 4 79  gram. 


One 

1  milligram 
10  tnill)j?taTns  (mg.) 
10  centigrnms 
10  decigrams 
10  grains 
10  decagrams 
10  hectograms 


10  kilograrns 


The  CoiiTersioii  of  French  into  English  Weights. 

In  this  ta1ik>  the  gram,  which  equals  15*4346  graLos,  ia  taken  as  being 
equal  to  1 5|  grains. 


or    1  drnchra  If  grain. 

„      1  ,,  17    gniins. 

II      *  II  33i 

„     1  ..  47{ 

„     2  drachms    3|^ 

„     2  „  18| 

.1     2  „  34 

„     2  .1  49| 

„     3  „  4$ 

«     3  „  20V 

n     3  „  35| 

„     3  „  51 

.,     4  „  6f 

,,     4  ,1  21* 

»     4  „  37^ 

»     4  „  52f 

»i     5  II  8 

..     7  „  42 

„  10  „  16 

„  12  „  50 

„  15  „  24 

,  „  17  „  58 

„  20  „  32 

.,  23  „  6 

„  25  I,  40 


1  gram 

= 

15|  grains. 

2  grams 

^ 

30f 

I* 

3 

tf 

^ 

46i 

»» 

4 

jj 

^ 

61| 

5 

n 

^ 

77 

II 

6 

)l 

= 

92i 

II 

7 

„ 

= 

107^ 

II 

8 

tf 

=s 

123^ 

II 

9 

n 

^ 

138| 

II 

10 

1) 

^ 

154 

II 

11 

)i 

= 

169^ 

II 

12 

„ 

=s 

184| 

•1 

13 

II 

;= 

200^ 

II 

14 

II 

= 

215| 

u 

15 

II 

= 

231 

11 

16 

It 

= 

246^ 

1* 

17 

= 

261| 

II 

18 

}» 

= 

277-^ 

II 

19 

Ji 

= 

292| 

II 

20 

11 

== 

308 

II 

30 

II 

= 

462 

It 

40 

II 

= 

616 

II 

50 

n 

= 

770 

11 

60 

M 

= 

924 

II 

70 

jj 

= 

1078 

II 

80 

„ 

— 

1232 

II 

90 

JI 

^ 

1386 

100 

^ 

1540 

II 
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The  Co&Tersion  of  Grains  and  Ounces  into  Qrams.        ^H 

Orairu  k  Gratns, 

Ou-„.  *-  /»«.«.«            Orairu  to  tht  Outtet 
Ounu4  to  GramM,         ^  ^^^^  ^  ^^  ^ 

1 

006479 

28-3495                  0-22817        ^^ 

2 

0.12958 

S6-9G60                  0-45635        ^M 

3 

0-19437 

850485                  0-68452         ^M 

4 

0-25916 

113-3980                  0-91269         ■ 

5 

0-32395 

1417475                    M4086          ■ 

6 

0-38874 

170-0970                  1-36904         ■ 

7 

0-45353 

198-4465 

1-59721          H 

8 

0-51832 

226-7960 

1-82538         ■ 

9 

0-58311 

255-1455 

2-05356         ■ 

10 

0-0479 

283-495 

2-2817             ^ 

Engliali  measures  of  ospacity.                         ^M 

I  gallon  (C)      =    8  pmtB                  =  4543-487  cc.         ^^M 

1  pmt  (0)         =  20  Said  ounces      =    567*936  cc.         ^^^H 

1  fluid  ounce     =    8  fluid  dracbtns  =      28-396  cc.          ^^^B 

1  fluid  drachm  =  60  miuimfi             =        3-5495  cc.              ^M 

]  minim                                                =        0-05916  cc.             H 

^K                                      French  measures  of  capacity.                             ^ 

^^M            Oce  cubic  centimetre  (cc.)  equals  16-896  minima  and  in  weight  ii 

^^m         equivalent  to   i   gram.     In  the   following  talile  the  cubic  centimetTC  ' 

^^1         is  taken  as  equal  to  1 7  mimmB.                                                                         i 

^^H                   cubic 

^^M                       centimetre  =■     17  minims. 

^H                2  cubic 

^^M                     centimetres  =     34 

H 

=     51 

H 

=     68       „        or  1  drachm     8  minimB. 

H 

=^     85       „        „  1       ,,         25       „ 

H 

=    102       ,.        ,.  1       „         42       „ 

H 

=    119       „        „   1       ..         59       „ 

■ 

,           =136       „        „  2  drachms  16       „ 

H 

^153       „        „  2       „         33       „ 

■ 

=    170       „        „  2       „         50       „ 

^H 

=   340       „        „  5       „         40       „ 

^m 

,          =510       „        „  1  ounce        0  drachm    30  "»'«*">■ 

■ 

,          s=  680       „        „  1       „           3  drachms  20       „ 

^M 

=  650       „        „  1       „           6       „         10       „ 

^H 

,           =1020       „        „  2  ounces        1  drachm     0       „ 

H 

,           =1190       „        „2       „           3  drachms  50 

^m 

=  1360       ..        „  2       „           6       „         40       „ 

^B 

^1530       „        „  3       „           1  drachm  30       „ 

^B 

=  1700       „        „3       „           4  drachms  20 

^B       1000 

=  1-760773  pints. 

^k                                       J 
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ConyersioD  of  mmims,  drachms,  ounces,  and  pmta  to  cubic 
centimetres  and  UtTes, 


Minimn  to  vc. 

Draehmf  to  ec. 

Ounua  to  cc. 

PintB  to  Litrf» 

1 

006916 

3-5495 

28-396 

0-56792 

2 

011832 

7-0990 

56792 

113584 

3 

0-17748 

10-6485 

85-188 

1-70376 

4 

0-23(>64 

14-1980 

113-584 

2-27168 

5 

0-29580 

17-7475 

141-980 

2-83960 

6 

0-35496 

21-2970 

170-376 

3-40752 

7 

0-41412 

24-8465 

198-772 

3-97544 

8 

0-47328 

28-3960 

227-168 

4-54336 

9 

0-53244 

31.9455 

255-564 

51H28 

10* 

0-O9160 

35.495 

283-96 

6-6792 

French  measures  of  length. 


=  003937  bch. 

=  03937  inch. 

=  39-37079  inches. 

=  1093-6331  yards. 

Comparison  of  the  ]BiigU8h  inch  with  the  millimetre. 


1  millimetre  (mm.) 
1  centimetre  (cm.) 
1  metre  (m.) 
1  kilometre  (km.) 


Inch. 


TTSWff 

Tory 


0001016 
0-002534 
0025340 
0031750 

0-050800 
0-101599 
0-253998 
0-507995 
1-015991 


Inch, 


i 

i 

1 
12 


1-587486 
2116648 
3174972 
6-349943 
12-69989 
1004983 
25-39977 
3048 


Measures  of  TEMPERAXtniE. 

Formulae  for  converting  degrees  of  Celsius,  Fahrenheit,  and 
B^aumur  into  one  another  (after  'Behrena'  TabeUen  '). 

n-'Cs  |n^B,=  |n  +  32^F. 
5  5 

nT.=  I  (n-32)^C.=  ^  (n-32)''  R. 

n''E.=  -n°C.=  ?n  +  32^F. 
4  4 


1*C.=    0-8*'R.=    33-8°  F. 
100*  C.^  BO^R.    =212*^. 


[Adda,  Alcohols,  and  Aldehydes  are  placed  together,  while  Djof  »nd  Salts  are  givwt   1 

Beparatel;.]                                                                    1 

A, 

ACTDB—                                             ^H 

a-ontlpeptone,  2S8. 

amidocaproio,  3S3.                        '•«i^^^H 

a-aT83nio  sulphide,  33. 

amidooarboxylic,  358.                  ^^^^^H 

a-gTAbules,  198. 

amidodipiorio,  384.                       ^^^^^| 

a-n*phthol,  399,  3SS. 

amidopalmitio,  357.                      ^^^^^| 

Abflorption,  coefficient  of,  338. 

amfdopropionic,  334.                   ^^^^H 

Aooentuatora — 

amidosulpho,  387.                              ^^^H 

acid,  ai3  ;  basic,  31 3. 

Anthranilic,  359.                                   ^^^| 

Acetftln,  S9. 

Beiison6-7>-dioarbox7lic,  377.            ^^H 

Aoatanilide,  359. 

BesBoio,  359.                                          ^^H 

Acetates — 

Butyric,  84.                                           ^^1 

^^^L             effect   on  heat-coagulation,  61 ;   mor* 

Oarbolio  (phenol) — 

^^^B              dants  for  acid  dyes,  336. 

Chemutrtfy     conBtitution,     x8i,     417: 

^^^           Aoetina  (glyceryl  acetates),  87. 

electrical    dissociation,    3S5  ;     plienjl 

^M                Acetone — 

Bi  de-chain,  187. 

^^^_^              cbemistry,  86 ;  coagulating  power,  104 ; 

Eefraetive  index^  377. 

^^^H             a»  a  illative,  88,  104 ;  actina  on  pro- 

Siatm,  phenol  radiral  revealed  by  basic 

^^^F             teids,  !03. 

dyes,    349 ;    phenols    in    corabioation 

V                AcetylglucoHamin,  397, 

with  basic  dyes,  446 ;  as  aooeotnator. 

H                  Acidity,  method  of  detomiiaing  in  tin- 

313. 

^M                        Hiies,  289. 

CarboUo  +  xylol,  371. 

^M                ACIDS  (writh  the  exception  of  proteida 

CarmiDic,  344.  439. 

^^^H                and  dyes) — 

G&proio,  304.                                           ^_ 

^^^B            Oeaertd  account,  cause  of  nciditv  and 
^^^^ft             nature  of,  15-6  ;  electrical  diasooi&tion, 

Ohloroplatinio,  ;8.                                ^^^| 

ChondrOBulphurio,  385-6.                   ^^^| 

^^^^P              15;    no   diesociation   in    and   non-cnn- 

OhFomio — Chemistiy,  oonstitation,  Jj;      ■ 

^^^H            ductiTity  of  anhydrous,  13,  30;  relative 

electrical  diBsociation,  73.                            1 

^^^H             stretigtha  in  equivalent  s<jlt]tiona,  17; 

^c/iOM  OM  «ro^f«,  101.                                 ■ 
Flemtniny  « fixing  jluid^  95.                             1 

^^^H              interaction  between  weak  and  strong, 

^^^              and  between  weak  acids  and  neutral 

Mnceratinj  action,  151,  337.               ^^^ 

^t                      8.iUs,  16;  organic,  84. 

Jiemocnl  jrom  titisittif,  73.                        ^^^| 

^^^_^         Aoetio — Chemiatry,     conatitution,     73, 

Chromic  +  aublimate,  97.                    ^^H 

^^^H             84,  304;  n  weak  acid,  16  ^  orthoacetie, 

DiEunido-aspartlc  (biuret),  319.           ^^H 

^^^B             74;  glacial  acetic.  13S. 

Diaiuido-oaprolo,  sSi.                         ^^H 

^^^H           Action  OM  proteida :  table  of  proteids, 

liupittonic,  437.                                      ^^H 

^^^1            loa :  ooagnlatiug  power,  105  ;  modiSea 

Fatty,  303-5.                               _            ^H 

^^^H             Btftining   effectit,    337,   353;   facilitates 

Ponnio— CAc/nii^ry,    const! tnliivn,     74, 

^^^^P             union  between  dyes  and  proteids,  453, 

84,  304 ;  making  lead  fnnniate,   371  ; 

^^H 

reducing  gold  :  Loewit,  367 ;  Ranvier, 

^^^H           Action  on  liaine,  occentnator,  313,330; 

a68  ;  rwlucing  rilver:  Fiscbel,  266. 

^^^H            for  retitoring  methylblue,  317  ;  to  pre- 

Glyoorio,  86-7. 

^^^^B             fierve  haematoxylin,  193,  339. 

01yoero-phoBphorio,  385. 

^^^B          At    a  Jixatire    in    fixing    luids:   Tan 

Glyoollic,  86,  314. 

^^^V             Benedeii  and  Neyt,   loi ;  Buroliardt, 

Glyoiironio,  324. 

^^^^              93,     too;     Comoy,    loi  ;     Cox,    97; 

Glyoxylic,  333-4. 

^^^■'            Erlicky,  94 ;  Flemming,  95  ;  Hertnann, 
^^^H             q6;  Lavdowsky,  9^  ;  Lenboiw^k,  loi ; 
^^^B            Bath,  100  ;  Zenker,  100.    See  also  138. 

Ouanidin-diamldo-Talerianie,  aSl.  ^m 

Hemipinlc,  436.                                      ^^H 

HeptyliG,  361.                                            ^^1 

^^^H           In  mounting  mediay  Stohr,  149. 

IndlBoblue-monoBulphonio,  453.             1 

^^^F          Macerating  ngent,  15 1. 

IndoUa-propionio,  334.                          M 

V                 Acetic  +  phenol,  acoentoator,  313. 

Lactic,  86.                                               ^^M 

H                 AoBtio  +  sublimate,  coagulant,  135,  341. 

JLiaavulinio,  283.                                        ^^^M 

■                Acrylic,  86.                   "                                ' 

Lanugrlnio,  344.                               ^^^^M 

H                 Amido,  33 1,  357. 

MeaoxalJc,  334.                                  ^^^^^H 

H                  amidoacetic,  383,  324. 

__     1 
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ACrDS— 

Metanilic,  452. 

Metaphosphorio,  384,  344. 

HetboxT-salioylio,  437. 

Methyl  carboxy-resoroylaoetio,  437. 

MoDo&mido,  3S2. 

N-methyl  -  pyrrolidin  -  o  -  oorboxyllc, 

32.V 
Nsphthaleno-^-moQostilphoiiio,  453. 
Nltrio  —  Ckfmistry,  cuastitutiun,  70, 
Aclicn  on  proteifh,  101,449;  extract- 
ing tiaaue  elementf,  449. 
Mactratlng  aeiifm,  J53. 
Nucleic — Chemiatry,  coiutitution,  383  ; 
tcst-tutw  expfirimentfl,  131. 
Stainivg  reaeliofu,  347,  350,  353,  355; 
when  precipitAtod  by  aulphurio  aoid, 
36a. 
Jmpregnalion  with  deutero-ftlbomoM  of 
nucleic  ncid  granules,  261. 
Oleic — Chtmittry,    conatitution,    304  ; 
effect  of  oxidation,  305;    union  with 
halogens,  305;  in  lecithin,  313. 
Impurittf  in  amjl-alcofaol,  361. 
Stainittff,  with  oBmlura  tetroxiJu,  306  ; 
with  Sudan  III  and  anati>i;oaa  dyes, 
306-10;    with    alcannin,    310;    with 
cyaoin  and  BiBmarck-brown,  311. 
Orthoaeetio,  74. 
Orthophoaphorio,  3S4. 
Oxalio^-^  hemiiitrij,  constitution,  86, 334. 
AetWHtuator,  313. 

Sfmovinff    wuMiganoui    compoanda   in 
"Weigert-Pal'a  proceaa,  335. 
Palmitic,  304. 
FhenylaDiidoaxobenBeQe    milphonic, 

Fhenyl-a-amido  propionio,  383. 

Phenylglyceric,  330. 

Pboenicin  aulpbonic,  453. 

Phoapbocarmc,  385. 

Pboapborio — Chcmitir^f       (bexameta), 

Allering  ataiming,  344. 
Phthalio,  438. 

Picric— rAf/fiii/ry,  conatitution,  74,  iSl, 
3S3  :    picrio  acid  ■*■  amido    iialmitate, 
357  J    pr««ipitabillty    by   other    dyea, 
443;  nnluction  of  (licric  acid,  181. 
Ca^cient  0/  dutrtbmliom,  34^. 
Action    on   protnda,   precipitation    of 
different  proteida,  lo3  ;    power  of  pre- 
dpitatinn,  119;    microacopic  effect  on 
deutero-albumosei,  137. 
Murdamt,  for  baaio  dyea,  335. 
Propionio,  84,  304. 
Pyroligiieoua,  action  on  oaminm  tetrox- 

ide,  100. 
Pyromucio,  309. 
Pyrophoephorio,  385. 
Pyruvio,  324. 
BeaoroindiaulphoQio,  453. 


ACIDS— 

Salicylic  (liquid  fibre*),  359. 
Siliolo  (colloidal),  33. 
Skatol-amido-acetio,  3S3,  334. 
Stearic,  304. 

Sulphonic  acid  radical,  184. 
Sulphuretted  hydrogen,  73. 
Sulphuric — t'ActniV^ry,  conatitution,  71 ; 
electrical  diaaociation,  15-7,  313,  304. 
Action  on  protcitltf  71;  on  nucleic  acid, 

363. 
Staininfi,  aa  an  aocentuator,  303,  305 ; 
jMut  played  in  staining,  33a  ;  action  on 
aulpbonic  acid  dyea,  365. 
Maetratin^  action,  153. 
SolphnrouB — Chemistry,     conatitution, 
71  :  decalcifying  fluid,  156. 
Firimy  fluid*.  95. 
Mneeratiuff  flnid,  153. 
Remoring  chromium  from  tiasuea,  73- 
Tannio  (tannin) — Chemistry,  conatitu- 
tion, 74,  360. 
Action  oit  pffiteidt,  I03. 
I lupr/g nation  experiments,  a6o. 
Mordti  ut,  for  basic  dyea,  335 ;  for  cotton, 

346 ;  liawitz'a  alizarin  method,  349. 
Stain,  after  iron  fixation,  371  ;    after 

osmium  tetroxide,  lOO. 
Terebio,  377. 
Trichloraoetio.  74. 
Valerianic,  304. 
Yalerio,  84. 

Acid-albumina,  87,  aSa. 
Aoid  fuchain,  435, 
Aoid  green,  346,  433. 
Acidophils,  154. 
Acidophobia,  354. 
Acid  aolphatea  jnercury),  80. 
Acid  violet,  346,  434^ 
Aoridin,  184,  433. 
Adamkie'wloa — 
Beaciion,  333 ;  teet  prevented  by  iodine, 

93. 
Silter  ttaminff,  305. 
Adenin,  3 S3. 
Adjeotive  dyea,  195. 
Adler,  ailver  staining,  364. 
Adaorption,  331,  305. 
Asar,  49. 
Air— 
Mounting  medium,  380. 
Ee/ruetie*  indu,  377. 
Albamin,  398. 

Albumin — Ci^rmi't/r^,  constitntion,  38t; 
acid  and  alkali-allmmina,  87,  aSj ; 
natural  reaction  of,  387:  power  of 
binding  acids,  23  ;  bsAes,  387-^. 
Precipitation  experiment*  with  egg- 
white,  103-31;  of  acid  and  alkali- 
albumins,  55-6. 
AUmmin  cryttaU,  method  of  preparing 


Hh 
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and  preserving,  1 24  ;  tlieir  b*no  reac- 
tion, 389. 

Slaining  reactions,  iSg,  355. 

Refractive  index   of  i^bumin  golutJon, 

377- 
Albumin  chloride,  287. 
Albumin-glyaerin   method  for  fixing 

flections  to  slide*,  372. 
Albuminizing  slides,  37J. 
Albumosa — 

Orannlet  by  Fischer's  method,  301. 

Impregvalion  tcUh,  361-3. 

Slniniitij  reactions,  355. 

Tcft-lutc  ejrpe^riments,  139. 
Alcannin,  ^10,  441, 
ALCOHOLS— 

Oeueral  iicrounl,  table  of  coostitdtion, 

84  ;    dlhydric   (glycolB) ;  monohydnc, 

85  ;  trihydric  (glycerin),  86 ;  acting 
M  bMe  or  M  acid,  87  ;  electroljBb  of, 
a  I ;  prevent  electrolysis  of  organic 
acids,  138. 

Acid  alcohol,  194,  391. 
Amyl,  ooosUtutioa,  84  ;  chan}^  colour 
of  triftcid  to  tliat  of  diacid  dyes,  361  ; 
differentiator  in  Gram'ti  metbiKl,  453  ; 
impurities  in,    361  ;    liquid    artiticial 
fibres,  359;  for  pnrifyintf  iiiethyl-green, 
434;  refractive  iudex,  377. 
Butyl,  84,  453. 
Xthyl,  84. 

Action  on  prnteiih,  on  acid  and  alkali- 
albamins,  S7 ;  on  alUtmiin-crystals, 
135;  on  egjf-wbite,  teit-tube  experi- 
ments, 103-3  ;  on  nucleo-liiBtonea,  87- 
8,33o;onp9end<k-ac!itand  pseudo-basic 
nature  of  prot<'idf>,  345,  349;  length  of 
time  of  action  alters  etfect,  87. 

Fiziitg  aclioH,  areolar  tissue,  303  ;  alco- 
holic Sxatives,  71 ,94-6,  loi  ;  nlcoboliu 
pioro-oorrosive  on  albumose,  129:  cy- 
tological,  138;  micro>o1ietaical,  140. 

Ntlhud  of  dehyifrating,  88. 

Tuhhfor  dilutimj,  166. 

Method  for  injecting,  146, 

NoanlifUf  media,  alcoliolio,  380. 

Solvent,  for  celloidii^,  173;  methylene 
bluc-eoaiiuite,  3lS  ;  dye  +  tlsBue  lakes, 
451  ;  in  Gram's  method,  452. 

Stainiiitj ^Auifh,  315,  330,  339,  345,348. 

Staining  processes,  iodine  -f  starch  reac- 
tion absent  in  alcohol  absol.,  198  ;  acid 
alcohol,  194  ;  KOH-alcobol:  Stroebe's 
methwl,  323;  Mmin's,  JiC;  fat-stain- 
ing, 306 ;  '  inditferent '  fixative,  353-3. 

Unmaskinff^  acid  alcohol  for  iron  com- 
pounds, 391 ;  alkaline  alcohol  for  glu- 
cosamiu,  399. 

CUaiiin'f  rnzorf,  164. 

Refnictite  index,  377. 

Test  for  purity,  88. 
Hethyl,  constitution,   S4;     comparison 


ALCOHOLS— 

with    etbyl   alcohol.   104  :    in  C 
method,  453 ;  for  diasolviDg  celloidin, 
173  :  refractive  index,  377' 

Phenyl,  417. 

Propyl,  84,  86,  453. 

Alcohol  blue,  425. 

ALDEHYDES— 

f.Vjiffrt/  acconitt,  84-5. 

Acdtaldehyde,  84,  90-r. 

Benzaldehydc,  90-I,  396. 

Butaldehyde.  84.  

Formaldehyde — Chemi»trtf,  constJta- 
tiiin,  S4  ;  a  iion-electrolyte,  70  ;  neutra- 
lization of  watery  soldtiona,  88. 
Action,  on  proteid*,  9,  88—92  ;  no  action 
on  iodized  egi^-albumin,  90:  prer-ont* 
testn  of  Moliscb  and  Liebermana,  90; 
comf»onud.<  for  which  aJdelijdea  have 
affinities,  89. 

Fixinfj  action,  table  of  microseopb 
action  on  proteids,  t03  ;  coagnlaiing 
power  in  test-tube  e:cperiment«,  106; 
mierL>scopic  effect  on  deatero-albumoee, 
138. 
Fixing  fluids,  98— 9  ;   in  normal  aalise, 

93  ;  OB  vnpour,  70. 
litaininr/,  as  accentuat/tr,  213;    as  'la.- 
different'  fixative,  353-3. 

Formaldehyde  +  osiuium     tetroxida. 

99- 
Forraaldehydo  +  sublimate,  97,  loo. 
Formaldehyde  ■(-  sulphuretted  hydro* 

gen, 271. 
Gly collie  aldehyde,  324, 
laobutyric  aldehyde,  91. 
laovalario  aldehyde,  91. 
Oenanth  aldehyde,  91. 
Paradimethylamido  -  bensaldoh; 

.19<'- 
Paraformaldehyde,  88, 
Propaldehyde,  84,  91. 
Salicylic  aldehyde,  9I. 
Valaraldehyde,  84. 

Aldehyde  green,  436. 
Alf6row,  nrjjnnic  silver  staiiut,  365. 
Algeri  (and  Marohi)  method,  351. 
Alizarin,    conistitntion,    398—9  ;     colov 
reactimis  with  albiunins,  455-6 ;  staia- 
iui;  metlio<lB,  343. 
Aliearin-dyes — 

Alizarlnblue,  400. 

Alizarinblue  S.  456, 

AUzarlnbordeaux,  399. 

Aliaarincyanin,  399.. 

AlJEarin  red  B,  456. 

Aliearin  yellow,  394. 
Alkali-albumins,  56,  3$6. 
Alkali  blue,  436. 
Alkalies,  action  on  dyes,  405  ;    test  fvr, 
314,  389, 


^^        ^^^                       ^^^^V    467     ^1 

Alkaloidal  preoipitanti,  2S3. 

Anthroosne  violet,  438.                                   ^^H 

Alkyl,  187. 

Anthroohryson,  399.                                          ^^H 

Alloxan,  440. 

AnthragaUol,  399.                                              ^^^| 

Alloxure  basea,  }S5. 

Anthrapurpurin,  456.                                          ^^^| 

AUmonn,  fixing  fluids,  99  ;   nitric  acid, 

Anthraquinone,  183,  398.                                   ^^H 

71  ;    fixing  by  dehydratiou,  143;    fat 

pentaoxy  authroquinone,  399.                        ^^H 

rcActioiu,    306;     acid    fuclisiu  +  picric 

trioxy  anthraquinone,  3i;9.                              ^^H 

aoid  method,  309. 

Anthrax,  staining  reactions,  353.                          ^^H 

Alum,  t'ffect  of  addition  to  eoain,  loi, 

Antifebrin  {liquid  fibr«a.i,  359.                            ^^H 

336]    mordants  for  acid  U^es,  125-6, 

Antipeptone,  387.                                               ^^H 

230. 

Apithy,  celloi<l)n-imbcNldiu>.^,    173;    fix*              ^^^H 

Alum-earniia  (Grenacher),  345. 

iii^     Htiid,    101  ;    maccratiug     fluid,            ^^H 

Alum-haomatoxylin  (theory  vf  action), 

153 ;  gold  methods,  79,  376 ;  tiJiematein             ^^H 

J30. 

BtainiR|r  method,  340  ;  baematoxylin  +             ^^H 

Aluminium  aulpbata  (mordant),  230. 

clirome  method,  333;    metlijlcne-blne             ^^H 

Amberlack,  j8j. 

-t-  ammonia  method,  334.                                    ^^H 

Amethyat-violet,  413. 

Apoaafranina,  415.                                             ^^H 

Amido^aaiiiB,  409. 

Appleyard  and  Kneoht,  theory  of  atain-            ^^H 

Amido-azobonsene,  186,  386. 

343-                                                            ^^M 

Amido-asoDaphthaleno,  385. 

Appleyard  and  Walker,  theory  of  atain-            ^^H 

Amido-benaene,  401. 

in?.  347-                                                               ^H 

Amido  oompouuda  in  connexiou  with 

Arginin,  381.                                                      ^^H 

mordanta,  J35. 

Arnold,  isolation  method  for  peripheral             ^^^H 

Anido  diphentblaxln,  404. 

gauglin,  151  ;  ^nld  method,  366.                         ^^H 

Amidogan,   ra«)ical,  1K4;    auxochrome, 

Aromatic  amido  aoids,  383.                                ^^H 

iS<(;  abtuntin  gehktio,  silk,  and  wool, 

Aromatic  group,  1S7.                                          ^^H 

3'^8  ;  amido  nature  of  protoids,  338. 

Aronalein,  heat-coagulation,  59.                          ^^H 

Amidophenazin,  409. 

Arrboniua,  on  electrolysis,  11.                                ^^| 

Amina  (ammonia  bases),  87. 

Arsenic   aulphide   (colloidal  solution),             ^^H 

Ammonia,  el  re  Lrical  dl»anciatinn,  17:  aa 

33-                                                                        ^H 

a   fixativ0,   91 ;    ftvcrMion   fur  cotton, 

Aaooli,  iron  in  nudeins,  3S4.  ^                            ^^H 

355;    for  cxtracliitg   tiMue   elemeota, 

Asparajcin,  constitution  and  impregna*            ^^H 

449- 

lion  experimenta,  359.                                        ^^H 

Ammonium  chromate,  80. 

Aaphalt  cement,  383.                                             ^^H 

Ammouium  hydrogen  aulphide,  399-a. 

Auerbaoh,  silver  ataxning,  365.                          ^^H 

AmjnonJum     molybdato,    phuspliurua 

Auramin,  418.                                                       ^^H 

reaction,    393;     mordant  for  toluidiu 

Aurantia,  384.                                                     ^^H 

blue,  450. 

Aurin,                                                                         ^^H 

Ammoniom  oxalate,  86. 

Auxoohromea,  184-5.                                             ^^| 

Ammonium  peraulphats,  446. 

Averaion  of  iona  of  aame  sign,  339.                 ^^H 

Ammonium  aulphato,  aaturated  Hotu> 

Avoirdupois  weight,  460.                                    ^^H 

lion*,  38;  for  fixing,  80,  98. 

Axia-cylind»r,  staining  method,  33  3.                 ^^H 

Ampere,  460. 

Azina,  182,  40S.                                                     ^^1 

Amyloid,  3S5. 

Aaobenaene,  186;  avonion  for  cotton,            ^^H 

Anderaon   and    Langley,   on   MarcLI 

^H 

method,  352. 

Aaobenzene  dyea,  391.                                         ^^H 

Anetbol,  176. 

Asoblacka,  394.                                                    ^^^| 

Anilein  (anilin-Tiolet),  193. 

Aaoblue,  361.                                                     ^^H 

Anilide,  416. 

Aaooumiu,  415.                                                ^^H 

Anilin,  conatitution,  401 ;   an  acccntua- 

Axo-dyea,    3S5,    387 ;     formation    on           ^^H 

tor,  3 1 3-3  ;   union  with  colour  adda, 

fibre*,  357.                                                              ^^H 

357;  rofraciivo  index,  377. 

amidoaio  dyea,  3S6  ;  hjrdrcixyazo-oom<            ^^H 

Anilin  blue,  425. 

pounds,  388  ;    hydroxy  corboxylic  aoid            ^^^| 

Anilin  red,  193. 

oompoundv,  394;    pnra  azo  dyes,  dif-            ^^H 

Animal  g\un,  39S. 

ference  from  ortho  compiiunda,  385.                   ^^^| 

Anions,  deiinition,  10;    effect  on  heat- 

Asoftiohain,  394.                                                ^^H 

ooAgtilation,  63. 

Aso-group,  183  :  conversion  of  aao  into           ^^H 

Anlaeed  oil,  imraffin  imbedding,  176:* 
r«fir3»clive  index,  377, 

amido  group,  386.                                             ^^H 

Aaomethin,  l8j.                                                     ^^H 

AniaoUn,  430-1. 

ABomethin>dyea,  396.                                         ^^H 

Aathnoene.  oonslitntion,  180,  397,  433. 

Aaonium  group,  182.                                         ^^H 

Anthracene  blue  WB,  456. 

Aaoorthotolaolaso-^*napbthol,  3x0.             ^^1 

n 

^H 
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/S.antipaptone,  aSS. 

^'orsenio  sulphide,  33, 

/S'Bn^anutea  .Elirlich),  198. 

^-methyl- in dol,  314. 

i9  uaphthol,  cnusititulijn,  3SS  ;  ob  indi- 
cator, 359  ;  in  liquid  fibres,  36a, 

Babtich  and  A.  O.  Ferkin,  tuorin,  435. 

BallowitK,  iHolatioD  methtxl,  153  ;  fixing 
witli  Mann's  HgCl,  +  K,CrjO, ,  70,  97. 

Bancroft,  clasaification  of  eUiiuiiig 
metbodit,  195. 

Bang,  nacleic  acid,  383. 

Barfoed,  i>ugar  test,  296. 

Barium  ohloride,  Weber's  test,  346. 

Bttriura  salts,  eoetficieut  of  diffusion, 
impLTvioiia  to  Kontgen'a  rays,  356. 

Baaea,  weak  and  Btrong,  I7> 

Basio  dyes,  nature  of,  185  :  as  te^ts  for 
orj^anic  acidi,  349;  ut>ed  with  mur* 
dnnts,  J  49. 

Baaio  fuchain,  4^5. 

Basichramatin,  45S. 

Baatiau,  gold  method,  167. 

Baomgarten,  fucbsiD-uicthylene-bliic 
ataiuiitg  method,  324. 

Beadle,  Bevan,  and  Cross,  chemistry 
of  cotton,  346. 

Beale,  digestiiiti  metliod,  153. 

Beckmann  and  Strick,  colour  of  iodine 
in  solvents,  303. 

Behrens,  hydrochloric  aoid  tnncerating 
fluid,  151. 

Bell's  oenaent,  383. 

T.  Bemmelen,  colloidal  oxides,  35-6. 

Benda,  acid  dyes  as  Diordants,  329  ; 
cryBlnl- violet,  344;  iron  aUim  haema- 
toxylin  method,  331 ;  iron  persufphate 
haematoxylin  method,  333  ;  medullivtod 
nerreo,  335:  necrosed  lai,  311;  iniidi- 
ficatioQ  of  Rawitz's  alizarin  method, 
343 ;  views  on  Weigert'i  neuroglia 
method,  337. 

V.  Beneden  and  ITeyt,  fixing  Quid,  101. 

Benedioenti,  foruiol,  89,  91. 

Beneke,  modification  of  VVeigert's  fibrin 
method,  448. 

Benoke,  introduction  of  anilin-dyes,  193. 

Bents  and  Farrel,  theory  of  staining, 
358. 

Bensaurin,  437. 

Benseno,  constitution,  180;  oxidation 
products,  373  ;  method  of  purifying, 
379  ;  liquid  artificial  fibres,  359  ;  re- 
fractive indt?i,  377  ;  »iilvent  for  rosins, 
378  ;  hardening  cellnjidin,  1 76. 

Bensene-aao-a-naphthol,  308,  385. 

Beniseue-azo-^-naphthol,  307. 

Ben^eno-azoben2eneazo•^-uaphthoI, 
394- 

Bensbydrol,  417-S. 


Benaidin,  389, 

Benzidine     dyea,     tctrazo-corn  pounds, 

395  ;  stiiining  with,  346,  356-7. 
Benzine,  solvent  for  balsam,  379. 
Benzoflavin.  433. 
Benzoin,  416. 
Benzopbenoue,  417-S. 
Beasopurpurin  +  onilin  salt,  357. 
Bensoauinoue,  386. 
Benzo-trichloride  derivativas,  437, 
Benzyl  benzene,  417. 
Benzylidoue  auilin,  396. 
Barberin,  432. 
Bergamot   oil,   refractive   iodez,   377; 

h«rgauiut  balsam,  377- 
Bergh.  silver  staining,  365. 
Berkley,  modification  of  Golgi's  meUlodi 

Berntbaen,  action  of  alkalies  on  metlij- 
leiie  blue,  404. 

Qonbelot  and  A&dt6,  hamos  neid,  301. 

Bertbelot  and  Jungfleiaoh,  coeffideat 
of  distribution,  339. 

Bethe,  neuro-fibril  method,  449. 

Beta,  iodized  alcohol,  95. 

Bevan,  Cross,  and  Beadla,  cbeioistij 
of  cotton,  346. 

Bavan,  Iiowis,  microtome,  178. 

Biclvomates,  constitution,  75;  douUe 
salts  with  corrosive  sublimate,  76,  97; 
bichromate  fixation  afTectixig  slaioiaf, 
351  ;  addition  of  acetic  acid  to  wolo' 
tiou,  77;  metboil  of  fixing  bichromate 
sections  to  elides,  374 ;  on  remoTisg 
chrome  from  sections,  73  ;  washing  out 
chromic  add  and  chrome-salts  Witk 
alcohol  in  the  dark,  76. 

Biebrlaher  scarlet,  394. 

Blndschedler's  green,  40a. 

Biobloata  1  Altiiiann),  3. 

Biondi,  triple  stain,  330. 

Bisnaarak-brown,  constitutioD,  390; 
Weigert'e  stain,  314 ;  for  staining  ^ 
31 1  ;  ill  lirjui J  fibres,  359. 

Bitto.  renwval  of  lecithin,  395. 

Biuret,  constitution,  317;  biuret  r«sifr- 
don  of  ilose,  316  ;  of  St.-Hilaire,  310; 
action  on  alizarin  solution,  45(1. 

Blanctiard,  introduces  sublimate,  77, 

Bleaching  methods.  73,  150. 

Bleu  de  Quinoloin,  311. 

Blochmann,  16S. 

Blom,  Max  Oker,  liqnid  uh^ns,  54. 

Blood,  red  blood-corpuscles,  spedfitf 
staining  method,  3t7;  staiuiiiff  reae- 
tions,  J99,  353 ;  while  blood-corpasdes, 
I9S-9,  319  see  also  Elirlieh*s  triple 
stain,  330-3). 

Blood-vessels,  injection  of,  157. 

Blue-black  3,453. 

Blum,  on  formaldehyde, 88-9,  91 ;  tlxia;; 
fluid,  98. 
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Bodl&nder,  on  colloidv,  34. 

BOhm,  gold  method,  368. 

BOhmer,   bavmatoxylin    staTuing,    193, 

33  <•  333- 
BOmer,   zino    aulphate   for  ooftgulAting 

Klhuiiuii,  53. 
BOttcher,  intnxlticea  diflerentiation,  193. 
Boll,  on  GerUch'ii  gold  methiHl,  37}. 
Bollina,  Kostaneoki,  and  Tambor,  on 

brazilin,  458. 
Borax,  0.1  an  accentaator,  a  13. 
Borax -cormin  (Grenacber),  345. 
Bordeaux  B,  393. 
Bom  and  Wieger,  fixing  seotioiu  to 

slide*,  373. 
Boyce  and  Herdmann,  copper  reactiona, 

293- 
Brandt,  K.,  fat-staininjf,  311. 
Braun,  usuiimn  tublimate,  97. 
Brause,  funnatdehrde  vublimate,  100. 
BraBilein   and   Brazilin,  conititution, 

437  ;  stnining  meibo^ii,  339,  34a. 
Bredig,  en  coUnida,  36. 
Brouer,  acetylglucosamin,  397. 
Brilliant  (freen,  433. 
Bristol,  re^ncnition  of  osnuamtotroxidet 

81. 
Bromides,    effect  on   heat-coagulation, 

61. 
Bronoffand  Eberth,Bnverslaining,  365. 
Bruce,  iu<4iticatiou  of  the  Weigert-Pal 

methmi,  335;  micrototne,  179. 
BriiolEe,  Pruiudan  blae,  160. 
Brucka>  cnpixir  biuret,  316. 
Brulil,  factors  d«tenuiuing  sotubtiitj  of 

•iiit«,  44. 
Bruni  and  Fapiwda.  ou  coll»ida,  43. 
Bfitaohli,    microflcupic     np^ienraucu     of 

pbjfical  ooagnlatioo,  133;    MtreM  and 

she«r  effects  in  albuniin,   133;    imn 

acetate   haematoxylin,    333  ;    paraffin 

imbedding,  168. 
Bucarsaky,  union  of  albumin  with  actda 

and  baiea,  36,  aSS. 
Bncarssky  and    Liebennann,    union 

between  pniteida  and  baaai,  388. 
Biill*a*eye«,  ttaining  «ff«x:t,  307. 
Bunge,  hydrochloric  acid-alcohol,  391. 
Burobardt,  fixing  fluid,  100 ;  acetic  aoid 

and  Miilk-r'a  fixing  fluid,  93  ;    bichro- 

»*>**«••  75  ;  theory  of  staining,  351. 
Buaoh.    Idarchi   method,   353 ;    Manu'i 

criliciiin.  315. 
Buaae,  hardening  coUoidin,  1 73. 
Batane,  cunatitution,  84. 

C. 

C- mixture  of  Ehrlioh,  317. 
C.  O.  8..  46a 

Calcium  caaeisogeiiftta,  65. 
Calcium  obloride,  action  on  prot«tda, 
5a  ;  on  alizarin  •taining,  343. 


Calcium  phosphotung&tato,  34. 

Oaldwell,  ribbon-cutting,  171. 

Oombridgo  encasing  method,  163. 

Cambridge  niicrotorao,  17S. 

Canada  balsam,  refractive  index,  377. 

Ganarln,  munlant  fur  basic  dyes,  335. 

Capillary  attraction,  does  not  fix  see* 
tiuna  to  slides,  373. 

Capri  blue,  407. 

Carassi,  amnaiJcing  iron,  393. 

Carbamide,  358. 

Carbinol,  85,  431. 

Carbinol  bases,  triphenyl-mctfaane  dyes, 
430,  433. 

Carbohydrates,  396. 

Carbon  disulphide,  paraffin  imbed- 
ding, 169. 

Carbonyl,  397. 

Oarboxyl,  184-5. 

Carm-alum  (Paul  Mayer),  345. 

Carmein,  148,  439. 

Oonoin,  constitution,  43S ;  history  of 
carm  in -staining,  19 1 -3;  staining  aolu* 
tit^UK,  344-9 ;  fur  iron  and  muoui^ 
34,s  ;   fur  elastic  tissue,  447. 

Oormin-blue  O,  359. 

Carmin  gelatin  injeotton  maas,  157. 

Cormin-naphtha,  393. 

Oainoy,  fixing  fluids,  loi;  tannin  fixa« 
ti%'e,    74;    uiethyl-green  +  acetic   acid» 

"5 
Carrlire,  gold  method,  368. 
Cartilage,  micro-chemical  reactions,  389, 

398. 
Casein,  staining  reactions,  353,  355. 
Ooseinogenosalts,  65. 
Casting  poroflln  blooks,  170. 
Catechol,  436. 
Cathoart,  microtome,  178. 
Caustic  potash,  17,  313,313;  electrical 

dissociation,  17;    as  accentoatcr,  313, 

313  ;  isolating  muscle  fibres,  93. 
Caustic  potash  alcohol,  317. 
Caustio  soda,  electrical  ditsociivtion,  iS; 

for    dissolving  dyes   iu  liquid  fibres, 

Cedar- wood  oil,  refractive  mdex,  377. 

Cell,  method  of  ntudying,  5. 

OelloldJn,  constitution,  17a. 

Celloidin-aaethol'paraflla  method, 
176. 

Oelloidin  imbedding  prooeis,  advrtn- 
taffes  and  disadvantages,  167 ;  celloidla 
solntions,  17a  ;  inspissating,  173  ; 
hardening,  1 73 ;  attaching  bloclu  to 
holder,  173-175;  fixing  sections  to 
slides,  374  ;  celloidin  -^  paraffin  ms> 
tbods,  176. 

Cell-structure,  Altmann,  3  ;  Berthold, 
3;  Biitschli,  3;  Fischer,  4;  Fleuimiug, 
3  ;  Hardy,  4 ;  laaoiik,  3  ;  Mann,  4 ; 
8cbwan,3;  Uddo,  4. 
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Cemanta,  382. 

Central  tendon  of  diaphragm,  161, 

Oentroflome  staiiiiog,  333. 

Oerebrin,  31a. 

Cetylid,  313. 

Chemical  equilibrium,  364. 

Chomical  tension,  36S. 

Chemistry,  aubdi  vision  of  PhysioSj  365. 

Ohevreul,  *  Unematin,'  436, 

OMtin,  297. 

Chlorides,  dissociation  nf,  3  3,  78  ;  cffeot 
on  hent-coagulation,  6t. 

Chlorine,  for  bleaching,  150;  for  re- 
moving osmium  tetnixiile,  83. 

Chloroform,  constitution,  85  ;  for  pornf- 
fin-imbcddinf,  j68;  as  solvent  for 
reaJiis,  378  ;  refractive  index,  377  ; 
liiuid  artificial  fibres,  359- 

Cholin,  28J. 

Cboadrin,  2S5. 

Chondro-protoidfl,  386. 

Ohrchtschonovitsch,  gold  methad^  267. 

Chromatin,  zSy. 

Chromatophily,  354. 

Chrome  compounds,  removal  of  cUro- 
uiium  from  tis8UP»,  94  ;  as  uiordanta, 
236. 

Chrome-green,  423. 

Chrome-lecithin  compound,  reailily 
broken  down,  3! 5. 

Chrome- material,  after  treatment  wilh 
alcohol,  94. 

Chrome- violet,  427. 

Chromium,  effect  on  itainmg  reactions, 

Chromium  acetate,  mordant,  326. 

Chromogena,  iSi. 

Chjomophoiea,  dtfinilion,   tSi;    aotd, 

183  ;    basic,    182'  ;     interaction    with 

aaxochroine?,  1S4, 
Ohromotropes,  228,  31)3. 
Chrysamin,  mordant  fur  banc  dyes,  235. 
Chryaoidin,  386,  390,  457. 
Clagllnski,  March!  method,  251. 
Cinnamon  oil,  refractive  index,  377. 
Claudiua,  Gram's  methoil,  323. 
Cl&yton'a  faat  blaokn,  434. 
Cleaning   alidea    and    cover-glasses, 

art. 

Clearing,  165  i  with  phenol  +  xylol j  271; 
Welcb'a  niethad,  445. 

Clove  oil,  refractive  intiex,  377. 

Coagulation,  ratio  between  coagulntive 
power  and  valency  of  coagulant,  39, 
38-9  J  equivalent  coagulative  power, 
35  ;  molecular  coajjulattve  (rower,  34  ; 
by  physical  mean^i^  f  i ;  willi  neuLrnl 
Baltfl,  52;  due  to  ait<.*nition  in  elec- 
trical tenginn,  53  ;  lieat-coa^uIa(ion, 
59 ;  micro*coj>ic  appearances  of  physical 
coagulation,  13 1-2. 

Cochlea,  149. 


CoefBcient  of  absorption,  liS. 

CoeiQcient  of  diatribution,  328,  331. 

Coeruleln,  mordant  for  basic  djes,  3>5« 

Oohn,  a.,  leuco  coiiipounda  of  metby- 
lene-blue,  40s, 

Cohnheim,  Julius,  gold  method,  a66. 

Cohnhoim,  Otto,  coagulative  power  of 
neutral  salts,  53  ;  heat-congulation,  59; 
on  mucins  and  muooids,  a86  ;  albamia 
ohloiides,  287. 

Cohnheim  and  Krieger,  p!«eurlo-*dds 
and  pseudo-bases,  27,  49,  55,  66,  67. 

Cole  and  Hopkins,  the  Adamkiewia 
reaction,  323;  the  pyrrol  reaction,  325. 

Colloidal  dyes,  340. 

Colloids,  28-70. 
C/a^ti/lcafitn,  Graham,  39;  Hardy,  37; 

Mann,  48, 

UMorical  accounL,  38 ;  Baraa  uA 
Schneider,  32  ;  v.  Bemmeleu,  35-6: 
Boilliiader,  34 ;  Bredig,  36  ;  Bredig 
and  Coehn,  43  ;  Bruni  and  Pappadk. 
43 :  Graham.  28  ;  Hardy,  37 ;  Hof- 
meister,  30  j  KraSt,  44  ;  Lewith,  30; 
Maun,  43;  Micbailow,  30:  OttwaJd, 
32  ;  Patemb,  32  ;  Picton,  33  ;  PictMi 
and  Linder,  33-4  ;  Prost,  30  ;  Schaln, 
29  ;  iStoeckl  and  Viuu.no,  37  ;  Whet- 
ham,  42. 

Colloidal  folitiiotu,  arsenic  sulphidcv 
^9)  33  i  cadmium  sulphide,  30:  gold, 
3t>-9  ;  giini  mastio,  38  :  pmteid, 
30-1,38-9,49;  silicic  add,  33  :  silver, 
33. 
Properliet,  43 ;  colloids  are  doctrolytas. 
45  ;  ooUoida  do  not  react  chemically. 
47  ;  are  pseudo-compounds,  49 ;  stalu- 
lity  of,  39 ;  tnovfuient  in  an  cleotrical 
field,  34,  37,  39,  47  ;  mutual  colloidal 
precipitation,  459  ;  additive  oozn- 
ponnds  between  colloids  and  noo- 
elccCrolytei,  C8 ;  heat-reversible  col- 
lotd.",  50 ;  setting,  49  ;  mechaaiol 
caagulfttioQ  of  [>roteids,  50  ;  effect  oC 
dehydrating  proteids,  52. 
Altenitioii,  iiy  electrolytes,  47 ;  l>y  aeidd 
and  sailH,  4t,  55  ;  by  salts,  40, 
Fadorf  precipilatinci  and  rendering 
soluble  et^lloidal  subatAncefi,  46, 

Colophonium,  refractive  index,  377. 

Colour  acida,  443  ;  action  of  hfsn  acids 
on  wool,  365  ;  mordants  fur  basic  djca, 

225- 

Colour  bases,  443. 

Colour  saltH,  218. 

Compound  dyes,  44 T. 

Ccinduotivity,  1 1  ;  molecular  C.  of  a 
salt,  35  ;  maximum  point  in  soluttun^ 
19,  30;  affected  by  beat,  ao  ;  iocrsaM 
on  diluting  so! utiomi  of  electrolytes.  It. 

Congo  rod,  39-;,  455. 

Conjugate  duidfl,  49. 


W     ^HBIBIV^                ^^Br         47  z      1 

1       Oook,  Alleyne,  tUum-copper-luMmnto* 

Diamidoacid  compounds,  181.                      ^^H 

■           xylin,  193. 

Biamldoaio  compounds,  :)90.                        ^^H 

1        Cooper,  aruiDAtic  am'-do  acids,  283. 

Diamido  diphenyl  methane,  417.                 ^^H 

1        Oopper,  micro-clitioiiGttl  test,  193. 

Diamido  phenazin,  410.                                  ^^H 

1         Oopper  aoetate,  constitution,  80 ;    elec- 

Diamin,  409  ;  affinity  for  cotton,  355.             ^^H 

■            trical  diMocifttion,  330;  mordant,  J  36. 

Diaminblue  BX,  454.                                      ^^| 

I        Copper    acetate  -t-  osmium   tetroxlde, 

Diamond  blaok,  395.                                        ^^H 

1            448- 

Diaphragm,  central  t«ndon.  i<3i.                     ^^H 

Oorallin,  437. 

Diaso-a-naphthol  derivatives,  395.              ^^H 

Coming,  lead  sulphit^e  ataining,  371. 

Diaso  resoruQn  ( \Vom.-laky '1 ,  407.                   ^^H 

Cotton,  olicmiitry  of,  346  ;  atfinity  for 

Dietbylsafranin-azodimetbyl    onilin,         ^^H 

JV"--«.  355- 

444-                                                                     ^H 

Coulomb.  460. 

Diffiarenoe  of  potential,  f.^.                           ^^H 

Coonter-Btainiug,    mt'thyt    Llue-eoiin, 

Difference   between   Chemistry   and                  | 

rulnii   And  orange,  rubia    and    benzo* 

Physics,  365.                                                        1 

{•urpurin,  341. 

DiJSBTentiation,    defioilirin,    196;    hi;-                  1 

Cover-gla«B  method,  143,  30i,  306. 

torical  account,  193;  in  xylul-HlcuhoI                 J 
mixtures,  35O  ;  dinerentiatiun  with  al-          ^^H 

Covering  power  of  dyae,  ao8. 

Cox,  fixinj;  ftoliitiiMj,  97;    Golgi  method, 

ooliol  to  be  avoided,  3oS,  445.                           ^^H 

373  ;  Dcuro'fiLirilif,  349. 

Difnislon,  327 ;  law  of  D.,  338 ;  inter-          ^^B 

Creoaol,  93. 

ference  witli  normal  rate   by  ions  of                  | 

Creosote,  rofractive  iudex,  377. 

same  sign,  340.                                                  ^^m 

Cresol,  446. 

Digestion  methods,  153,  345.                         ^^M 

Cross  ajid  Beran,  staining  jute  fibres. 

Dimethyl,  constitution,  H4.                                  ^^H 

3S9. 

Dimelhylamidoasobensene,  3S9,  457,           ^^| 

Crosa,  Bevan,  &nd  Beadle,  cliemistry 

Dimethyl-benseDe  (.xylolj,  180.                        ^^| 

«>r cotton,  346. 

Dinaethyl-pheuo-saCranin,  413.                        ^^M 

Crystal  ponoeau  OB,  393. 

Dimethyl-pseudo-mauveine,  4 14.                  ^^H 

Crystals,  htainin^'  by  ilye#,  363. 

Dlmmook,  earminic  acid,  344.                            ^^H 

Crystal  violet,  434. 

Dinltro  cellulose,  347.                                     ^^H 

Cubic  capacity,  atiTecling  staining,  300. 

Dinitro  dibrome  fluorescein,  430.                 ^^^| 

Cuprio  liydroxide,  iiii|tregiuting  cor- 

Dinitro  naphthol,  384.                                    ^^M 

neae,  371. 

Dinitro  resoroin,  400.                                          ^^H 

Cutting  encaaed  tissues,  163. 

Diomidolf,  tiubliinato  impregnation,  370.          ^^H 

Oyanin,  311. 

Dioxyazobeasene.  3i>i.                                       ^^H 

Cyanin-blue,  433. 

Dioxyazonaphth&lene,  388,  393.                    ^^H 

Cyanin  3B.  456. 

Diozythiodiphenylimide,  406.                       ^^^| 

0/anosina,  430. 

Diphenyl,  av«.n<i<<n  f><t  cotton,  335.                  ^^H 

Cyolamin,  430. 

Diphenylamin,  liquid  fibres,  359.                     ^^H 

Oymene,  399. 

Diphenylamin  blue,  436.                               ^^H 

D. 

Diphenylmethanes,  183,  417-8.                      ^^H 

Diphenylnaphthyl  methanes,  436.                ^^^| 

S-arsenio  sulphide,  33. 

Diphenyl-tetrasodiparaoresol.  309.              ^^H 

Paddi,  fat-staining,  306. 

Direct   staining,    dt-liiiition,    195;    ex-          ^^H 

Dalton,  partial  pressure,  338. 

amplo«i,  314;  of  cotton,  355.                             ^^H 

Dammar,  refracttre  index,  377. 

Disoao  dyes,  388.                                                   ^^M 

Dsnilewski,  albumin  cbluride,  3S7. 

Distribution,  of  base  between  two  adds,          ^^| 

Dealcoholation,  165. 

364;  coefficient  of  D.,  339.                                 ^^H 

De>amidation,  358. 

Does,  Scbadee  van  der,  beat-cnagola-          ^^M 

Decalcification.  156. 

ti<.>n,  59,  67.                                                    ^^M 

Dehydrating  tissues,  165. 

Donaggio  and  Vaasalo,  fonnaldehjrde,          ^^M 

Deiters,  isoUtiug  method,  153. 

99-                                                                     ^H 

Dekhuysen,  silver  staining,  36^ 

Double  Impregnation  with  metallio          ^^H 

Denigis,  tyrosin  reaction,  333. 

salts,                                                                  ^^M 

Desolution,  36,  133, 

Double  refraction  of  albumin  under           ^^| 

Deutero-albumoae,     precipitates    with 

■tress,  133.                                                        ^^M 

^           different  reagent*,   137;   test-tube  ex- 

i>oubla  salts,  g^''                   79;   sob-          ^^M 

1          periments  with  deutero-albnmose  and 

limate  and  iM>t:i                   .unate,  76;           ^^M 

W          sentm-globulin,    131;     staining    reac- 

soblimate    and    r-..  ....    ^lil<mde,    77;           ^^M 

I            tioii*.  353. 

effect  on  precipitating  albumin,  8,  1 14.           ^^H 

1        Dlalectrio  constant,  13. 

Double  staining,  307.                                    ^^1 

1       Dlamaat  flaris,  394. 

D.  P.  •>  differenoe  of  potentia],  54*                   ^^H 
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Drasoh,  gold  method,  369. 

Drechsel,  Jekorin,  313. 

Dreyer,  formaldeliyJe  and  oamiuin  te- 
triixidp,  81,  99. 

Dreysel,  cleidln  ^Tsnules,  143. 

Durig,  furumidebydo,  99. 

Duval,  cellnidin  procuBS,  173;  silyer 
staining,  265, 

Dyea,  nrtitxcial,  3S3  ;  acidity,  caUM  of, 
1S5-6  ;  boaicity,  cause  of,  (851  cbaafres 
in  old  Bolutiuna,  jmeudo-com pounds, 
1  Sg-^o ;  formation  of  how  dyes,  404-5  ; 
claaaidcation,  383 ;  coUoiilal  nature, 
340 ;  covering  power,  308 ;  diffusion, 
rAt«  of,  303 ;  electrical  dissociation, 
I$6  ;  iutroduction  ofalkyl  groupB,  187; 
leaco-oompouiidfl,  189;  monogenotic 
and  polygeuetic  D.,  2aS ;  nature  of, 
180  ;  neutral  D.,  iiS  ;  nomondature* : 
acid,  basic,  neutral,  186  ;  old  AolutioTis 
less  saturated  than  new  oars,  303  ; 
pseudo-acidd  and  jtseudo-bases,  189; 
precipitating  acti»o  on  albumins,  34R, 
453-9 ;  removal  from  ti^ues,  307 ; 
salt-dye'P,  1S6;  isaturatton  (concentra- 
tion) affecting  physical  staining,  303  ; 
solub'tlily  a9ecting  staiaing,  aoi  ;  tints 
altered,  187;  nndissociated  dye-mole- 
cuk<:i  aajuii-iug  jumc  functiousj  187, 

Dyse,  460. 


t-gxanuleB  (Eliilicb),  199. 

Bbortb  and  Bron^ff,  i^ilver  stainlag,  365. 

V.   Bbner,    decalcifying  methods,    156; 

eliialio  tissuf,  445. 
Eohtgriui,  400. 
Bohtroth,  3^/3. 
^SK'&lbunuii,    relative    strRngtb    as   a 

base,  287. 
Sgga  of  Axolotl,   cclloidtn  imbedding, 

17?- 
Egg-white,  colluidal,  38 ;  dilated  with 
water  does  uot  coagulate,  38,  ill  ; 
effect  of  reagents,  Hardy,  133;  micro- 
scopic appearance  iif  physically  co«ga- 
lated  £.,  133  ;  stdning  reactions  afur 
coagulation  by  alcohol   and   by  heat, 

349- 
Ehrllch,  a,  /3,  y-granules,  198 ;  acetic 
add  as  accentuator,  313;  acidophil 
miiiture  O,  117  ;  acid  baematoxylin, 
I93»  339:  alkalinity,  test  for,  314; 
alizarin,  343 ;  anilin-gentian  violet 
stain,  3t3;  basophil  cells,  143 ;  di- 
methylpnramidobetizaldehyde  reaction, 
397,  366 ;  founder  of  science  of  btain- 
ing,  191  ;  heat  fixation  of  dry  pro- 
teiils,  143;  Janus-greon,  318,  444; 
laetbylal,  313;  methylene  blue-eosinate, 
ai8-o;  nonjenclnture  of  dyes,  186; 
phyncal   aspect    of   stalaiiig,    19&-9; 


theory  of  staining,  343  ;  triacid  stain, 

32 1  ;  triple  stain,  320, 
Eichwald,  glyoi>-proteids,  2S6. 
Ijisen,  brazilin,  343 ;  baematoxylin  fltaia- 

Elaathaematoio,  447. 
Ijlastic  tissue,  445. 

lilder-pith,  encasing  method,  163;  for 
studying  effect  of  hxativcs  on  protelds, 
135, 
electrical  maaaures,  460. 
Electro-afflnities  (table),  14. 
Etlectro-chemioal  moleoale,  lo. 
XllectrolyteB,    Faraday'u   detinitioDt   9; 
views  of  Arrhcnius  and   Kohlraiudi, 
1 1  ;    colloidal  electrolyte   45 ;    cffoet 
on  colloids,  7,  47 ;  strengtlui  in  which 
to  be  used  om  electrolytes,  1 36. 
Eleidin  granules,  143. 
Elementaranalyso  (Miesoher),  343* 
Elsching,  celluidin  method,  17a. 
EuoasLng  methoda,  163. 
Euoepbalin,  313. 
Entmiachung  (r.  BenuDelen),  36. 
Eosiu,  ctinstitutiuu,  429,  430  ;  etfect  of 

adding  alum,  302,  336. 
Bosin  scarlet,  ^30. 
Eosinate  of  methylene  blue,  441. 
Equivaleut  chemical  weighta,  lo. 
Erb,  hydrolysis  of  proteidA,  44  ;  neatzal 

calcium  phoaphotungstate,  ^4. 
Erg,  460. 

Erlicky'a  fluid,  94. 

V.  Ermengem,  staining  of  fla^Ila,  350. 
Erythrosin,  430.    . 
Esters,  85,  305. 
Ethane,  constitution,  84, 
Ether,  constitution,  85  ;  to  make  tiasott 
sink    in   chloroform,    379;    i%&acUre 
index,  377. 
Ethyl,  1 5)7. 

Etbyl-carbinol,  constitution,  84. 
Ethylidone,  396. 
Exirhodiii,  409. 
Burhodols,  411. 
Euxantbone,  435, 
Ewald,  isolatimn  method,  151. 
Ewald  and  Ktihiie,  digestion  methc 
153- 


Faraday'a  law,   10;  views  on  elc 

lytes,  9-10. 
Earrant,  mounting  medium,  381. 
Farrel  and  Bents,  theor}'  of  staining, 

358. 
Faat  green,  400. 
Patponoeau,  310. 
Fats,    305  ;    mioro'cliemioal    reaotiona, 

306-11. 
Fatty  acidfl,  303-5. 
Fatty  amido  acids,  382. 
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Fatty  compounda^  general  account,  83. 
FehiinK*a  solution ,  396. 
Felix,  ijiilating  tiiwues,  151. 
F«ltx,  ciilrer  staining,  265. 
Fdni-ferrioyanide,  re<luotioq  by  joto 

fil^res,  389. 
Fcrri-    and   forro-compound*,    inter- 

nctiun,  390. 
Ferri-  axid  ferro-ions,  68, 
Fibrin.  44S. 
Firmneu    of   protdidi   a   factor    in 

ataining,  198,  368. 

tFioohel,  ailver  stMining,  3o6. 
riMber,  Alfred : 
Oentral    accoKut,    nlbumosc-graiiiilei, 
aoi :    aciil    nntiire    of    [ke|>lone,    388 ; 
elder>pit1i  melLod  fur  studying  ctTect  of 
LfixHlivua,    125;     gelatin    method     fur 
|r»tudjfing  rate  of  <iitfusion  of  dyes,  303. 
ri»wt   on  fizing,  clauification  of  |ire- 
dpitatet ,  1 36 ;  microaoopio  appeanuice 
of  albumiuB  precijntated  chemically, 
135  ;  vntu«  of  corrosive!  nubliinate  aa  a 
fixative,   135;  value  of  l>*ol,  93;  of 
0«0„  83. 
ricffif  oj»  staininy,  luppoaed  proofs  In 
favour  of  phyfiic:il  the^iry,  355  ;  theory 
ofitaiuing,  334;  causes  affeciing  ataln- 
■  ing,  300  ;  why  certain  fixativflfl  prevent 
vataining,  357  ;  primary  and  secondary 
*  chromatophjly,  353 ;  criticiam  of  Griea- 
bach  and  Unna,  343  ;  of  Knecht,  344. 
PredjiitfttioH,  induliu  by  aulptiuric  acid, 

Critieitm  on  Fuehtr  by  Mann :  action 
of  bioLrumatea,  76 ;  o»miiim  tetmxide, 
8],  99  ;  '  pbtinum  chloride,'  336  ;  on 
taaoiubility  of  coagulated  prutcida,  301 ; 
on  phyaiwJ  theory  of  itainin^,  3 11, 
335-4°!  **»  alum-eoaln,  303,  336. 
Fiaoher,  Bmil.  biuret  reaction,  318; 
pttrin,  383;  (lyrrolidin-carboxylic  acid, 

Fiah,  formaldehyde,  99. 

Fisher,  W.  'W.,  interaction  between 
ferri-  and  ferro-compounda,  390. 

Fixation,  value  of,  i;  chemical,  I43; 
by  dchvdrAtioD,  143  ;  by  beat,  143. 

Fixativea:  see  under  acids,  salts,  aUialies, 
&c.,  p.  70:  forming  additive  com- 
pounds, 5,  81 ;  guide  to  selection  of  F., 
133;  itrenKtha  in  which  to  be  em- 
ployed, 1 36 ;  ratio  of  6xativ«  to  Uaaae, 
131,  138;  V.  inilifferent  aa  reganis 
ataiuing,  356;  <.olourenemiea,  357,366: 
roijioval  gf  F.  previous  to  ataiiung, 
aoi. 

Fixing,  general  principlea,  144;  for  oyto- 
logioal  ends,  135;  tor  morithological 
ends,  T  35 ;  for  micru-cLemical  reaeanob, 
139  ;  impregnated  [(Toteids,  363;  time 
£uitor,  137. 


Fixing  fluids — 
Geiirral  aeeonnt,  93-IOI  ;  ammonium 
chromatc,  So;  Bcmalc's  methoiis,  77; 
Riport  and  Petit's  fluid,  315;  sub- 
Umato  and  acetic  add,  135  ;  aublimate 
and  picric  acid,  4,  96-7 ;  neutral  and 
acid  alcoliu],  351. 

Trut-tube  txpenmentt,  I03-3I ;  acetio 
acid,  105;  acetone,  104;  alcoliol,  103- 
5;  amnioDium  piorate,  119;  fonnal- 
dithyde,  106-7;  osmium  tetroxide,  107  ; 
picricacid,  J 19;  lublimate,  107-8,  IJ9; 
sublimate  4- acetic  acid,  1 1 3-6;  sub- 
llmato -f formaldehyde,  11 7-9:  subli- 
inattt -f- oamiom  tetroxide,  116;  sab- 
limato  +  picric  acid,  119-31;  mblimate 
+  potaiisiiim  bichromate,  1 14  ;  subli- 
mate +  i«odi  urn  chloride^  109-14, 

Fixing  methoda,  143-9;  debydratioo, 
I43-3;  heat,  143:  chemical,  143;  by 
Injecting  fixing  solutians,  144-6;  with- 
ont  injection,  146-9;  solid  non-con- 
tractile tisaaea,  147;  contractile  tiaanes, 
147;  elastic  tiaaues,  148;  te»tea,  148; 
oocfalea,  149 ;  olGtotory  muooua  mem- 
brane, J49 ;  tetina,  I48. 

Fixing  aectiona  to  alidea,  parafBn  aeo- 
tions,  373-4;  celluidin aectiona,  374-6. 

Flogella  of  Sootario,  35a 

Flavanilin,  433. 

Flftranol,  432. 

Flaveoflin,  434. 

Plavone,  435. 

Flechoig,  Japanese  redwood,  343. 

Flemming,  views  on  cell,  a  ;  fixing  solu- 
tion, 95  :  views  on  oawium  tetroxide, 
83;  on  difl'erontiating,  193;  criticized 
by  Ijijtficlili,  I  2  J. 

Flenuning's  solution,  effect  on  deo- 
Icm-AJbumcMie,  1 39. 

Flins«r,  silver  staining,  364. 

Floyd  and  Parker,  alooholio  fonnalde* 
hyde,  99. 

Flaorone.  439. 

Fluorescein,  439. 

Fluorindin,  417. 

Foama,  Uutachli,  3. 

Fol,  imbedding  methoda,  164:  mnoval 
of  osmium  from  tiaauea,  83. 

Formaldehyde,  Formol,  Formalin, 
Formalose :  see  under  the  heading  of 
Aldehydea, 

Formaldehyde  in  normal  salt  sola- 
tion,  93;  F. -I- osmium  tetrtixide,  99; 
F.  >  sublimate,  97,  100. 

Formed  material,  3. 

Formiate  of  lead.  74. 

Frankal,  albamin,  39S. 

Frankenheim,  adsorption,  331. 

Frankland.  relation  uf  Chemistry  to 
Physica,  365. 

Freesing  method,  164. 
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Preniel,  fixing  BecUona  to  slides,  37J. 

Giroffld,  413.                                           ^^H 

Fresh  tissues,  not  dealt  with. 

Oitterfaaern,  36S. 

Froy,    barium    sulphatti   injection  muss. 

Glass,   coDHtitutioD,    371 ;     staining   bj 

158;  hAeuiatuxyliii.  193. 

auilin  dyes,  356. 

Freytag  and  Koasel,  cerebrin,  JIJ. 

Globin,  3S3. 

Friokenhaua,  Uivthylblue,  T43. 

GlobuUn,  coagtilftlion  by  saltx  (Starke), 

Friedeutfaal,  reawrtiou  tif  proteido,  13J. 

59  ;    views  of  Cohnheim,    Pnuli,    and 

Fxiedlnnder,  acetic  acid  a»  acoentuator, 

Mtarke,  57;    of  M.  Heideohain,  458; 

213  ;  hftcmatoxylin  eolutiua,  339. 

Btuininy  reactions,  355. 

Fuchsia,  413. 

Globulites  (Fischer),  126. 

FuohsLn ,coii8titii lion  aciil  and  basic, 4a  5 ; 

Gluaoaamin,  constitution  and  test^,  397. 

old  soluiion^  legs  i-aturated  tban  frcslily 

Glucose,  coDiititution  and  reactions,  396. 

prciiartjd  ones,  20J  ;  KawiUs'a  metb«d 

Glucose  penta  aoetata,  297. 

after  inordanling  in  tannin,  349. 

Qlyoerin,  constitution,  86;  in  fikts,  305; 

Furat,  action  of  ubtiiium  tetroxide  on 

as  mounting  medium,   333,   3S1  ;    re- 

nerves, 313. 

fractive  index,  377. 

Furfurau,  299. 

Glycerin-jolly,  381. 

Furfurol,  299-300. 

Qlycoooll,  3S3,  384- 

Glycogen,  303.                                              . 

^^K 

Glycol,  86.  3S3,  334.                               ^^fl 

GlycO'proteida,  3S6.                             ^^H 

^^         Y-graniilea  (Ehrlicli),  151. 

Glycoaamin,  3S6.                                 ^^H 

Gage,  isolation  metkud,  313. 

Olycoain,  324.                                          ^^| 

Oaleotti,  causes  affecting  ataining,  30C. 

Glycyl,  318,                                            ^B 

Galeotti  and   Iievi|   guld   chloride   as 

Glyoxal,  3^4- 

a  fixative,  79. 

Gnehm  and  Boetheli,  theory  of  itain- 

Oallain,  constitution,  431  ;  mordant  for 

iu^'.  333.  356- 

baaic  dyes,  325. 

GOppert  ar.d  Cohn,   carmin   stanung. 

Gallothionin,  406. 

191- 

Gardner,  tiastio  ti-ssue,  447. 

Gold,  colloidal  BobitionB,  37  ;  Zsigmon-      ' 

Oaaes,  pariialprcsstire,  328. 

dy's  colloidal  gold  precipitated  by  salto. 

Gaule,  fixing  paraffiu  t-ections  to  sHdeH, 

270. 

372  ;  paniffiji  imbedding,  i6<J. 

Gold  chloride,  79. 

Gel,  J  9. 

Gold-siae,  3S3. 

Gelatin,  Schiitxenberger's  formula,  358; 

Gold  staining,  3G6-70. 

^^^H              a    rerer&ible   j«l]y,    133  ;   structure  of 

Golgi,  injection  method  for  fixing  poT' 

^^^H             gelatin    jellies,    7 ;    jijelutin    injection 

po»ea,    144;    impregaiktion    metbeds: 

^^^™^            nia^sesj  J59;  encasing  Goljj!  prej'ara- 

origiDal    slow    method,    373  ;    mixed 

r                    tioiis,  374. 

jivethod,     375;     rapid    method,    274; 

B                   Gentian  violet,  434. 

counterstaiuing     Goigi     pr«;|>aralioiii. 

B                  Oeoghegan,  cetylid,  313. 

3771    mounting    sections,    373;    prr- 

i^^            V.  Georgievios,  theory  of  staining,  331. 

veiitiou  of  irregular  silver  depoait  in 

^^^L           Gorloch,   caiiuin   btainiitg,    193  ;    gold- 

tissueii,    376;    reuderiug   preparationt 

^^^P               frulutions,  i'b'j,  372;  textbook  un  Hia- 

more  permanent,  377 ;  theory  of  pro* 

^^"                 tology,  190, 

cess,  378. 

m                   Gerota.  (jiulgi  method,  37$. 

Goodsir,  177. 

B                   Geuther,  Hcetalx,  S9. 

Graham,    Thomas,    on    colloids,    39 ; 
metaphosphoric  noid,  284  ;  rate  uf  <uf- 

B                  Gibbe'a  double  stain,  218. 

^^^^           Gierke,    older   ataiuing    methods,    191  ; 

fusion,  303  ;  aynaeresia,  50. 

^^K             physical  aUtniug,  198  ;  theery  of  stain- 

^K             it«>  331- 

method,  333. 

^^^           Oieabreoht,  chloroform-paraffin  unb«d- 

'Granular'  precipitates  (Mann),  136. 

B^                     ding,  168. 

Grauadher,  carniiu  gltiins,  345. 

B                  v.   Oieeon,  fonnRldehyde,  99 ;  staining 

Greppiu,    rendering  Golgi  pr^paralioiu 

B                        method,  342,351. 

permanent,  277. 

B                  Giibody,  Ferkin,  and  Yates,  brazilin, 

Griosbach,  azo  blue  reactiuni,  341 ;  rats 

■  '                     437- 

of  dif!'ui»ion  of  dyes,  303;    tb«orj  ol 

^L^           GillBt,    hiiuid    fibres,    3G1  ;    theory    of 

staining,  341. 

^^^^               elaining,  361. 

Grosser,  Jniiian  ink  injection  mass,  160. 

^^^H           Gilson,  celloidin  method,  174;  oamlam 

'  Qrumous'  precipitates,  126. 

^^^H              tetruxide,  81 ;  aulphui'ous  acid  fur  re- 

Ouauin,  283. 

^^^^k             moving  chromium  from  tiaauea,  73. 

Guftcyl,  383. 

Oudden,     microtome     itnd     eac*Mog 

tiieChrKli,  I  79. 
Oullaud,  lutitbod  of  iixtDg  ptumifin  tec* 
tiou,  372. 


Haemalum-atain  (Piml  Mayer),  33S. 
Haematein  (tee  aUo  Haematoxylin) — 
Comtitution,  436,  438. 
PreciftUatit  fnr  ulbumose,  350. 
Staininff  tolutioni,  129-43  ;  acid  aolu- 
tions,    239 ;    neutral    Bulutions,    33$ ; 
A|><(tbj'*    uiethod,    340 }    Laematein- 
alum  solutions,  337. 
Cottnfcr-i'lninin'j,  34I. 
Haematiu  (Cbevreut)  :c  haematein,  436. 
Ha«matoxylin — L'oHtt\ti(lion,j^i,(i,  438. 
CoHttriioH    into    hutMiiitaiH,    Apilhy, 
341;     llaiiHen,    330;     Harm,    240; 

rl    Mayer,  J31. 
kjlricf  /iitematoxfjUn  Kilotiuns,  Ehrlich'i 
'    rciiaon  for  introctuctiun  of  acid,  193, 
330. 
St'iiu;  introduced  by  \Valdt;yer,  192  ; 
H.  -fcbrome Kilts, 338,333-5;  H.  +  oip- 
|>er  lakes,  335-7  !  ^*  "l*  ^^°  lakei,  131- 
3. 
Tai*,  for  copper,  393 ;  for  elaatio  tiuue, 
447;  f»r  iron,  303;  for  mocoB,  338; 
fur  myelin,  233-6,  313. 
Haemoglobin,  precipitation  exp«nment« 
Id   test-tubc5,  FiiHslier,   1 30;    Blaiuing 
ratctioiu,  199,  317,  353,  355. 
Haller,  isolatiim-uiethod,  151. 
Halliburton,   aiyottinuj^en  and  beat<o- 

nt^ululion,  59. 
Halliburton  aud  Mott,  Marcbi  method, 

3-1J-31  3>4- 
Hallit,  theory  of  Btaininj^,  363. 
Hamilton,    imbedding    medium,    164; 

Marulii'ii  niethud,  3f  3. 
Hammaraten,    nlkali  •  albmaitia,    286; 

cbon<lroaulfihuric  acid,  385. 
Handwerk,  fatntainini;,  306-7. 
Hannover,  introducea  chromic  acid,  73. 
Hanaan,   method  of  oxidising   haema- 

toxyliii,  338. 
Hantaach,  paendo-acida  and  baaea,  35, 

33S;  hexamethyl  violet,  431. 
Hantaach    and    Oaawold,   paeodo-acid 

and  |iS€udo-ba<<ic  dyea,  189. 
Hardening,  i. 
Hardy,    on    ooUoida,   37-43 ;    ooUoidal 

{>rot«id«,  55 ;  interaction  between  ool- 
oida  and  adda  or  alkaliea,  55  ;  effect 
of  reagenta  on  egg-white.  133  ;  micro- 
•eopio  appearance*  of  physical  coagula- 
tion, 133,  (135) ;  of  egg-white  fixed  by 
o«mium  tetruxide,  69. 
Harpeck,  Mlver  atAlninj;,  364. 
Harria,  oxidation  of  baematoxylin,  331^ 
340;  elaatliaemat«io,  447. 


Hartig,  cnrmin  ataining,  loj. 

Heat,  facililatea  atiiiningof  denf«  tiaBuea, 

363. 
Heat  coagulation,  nature  of,  58,  66  ; 

effect  of  ntixturea  of  aalta,  63. 
Heat-fixation,    I43;     amount  of  heat 

modifiea  ataining  reaulta,  199. 
Heat-rererslble  gela,  65. 
Heideuhain,  M.,  carbon  di«ulphidc  fur 

I>araf!in  proceH«,  169;    iron  aluui-bae- 

tiiatitxylin    method,    331  ;      Elirlich'a 

triple  itain,  330;  precipitation  of  pro- 

t«-ida  by  «)ye«,  45  J  ;  value  of  aubliuiate 

aa  a  tixxtive,  135. 
Heidenhain,  R.,   Iioematoxylin  polac- 

siuin  cbromAte  atainini;  method,  333. 
Holder,  collodionizing  paraffin  aectiona, 

171. 
Ueilbronner,  Mnrchi'a  method,  351, 
Hefmann,  braztlio,  343. 
Heine,    ou    staining,    200;     phoaphorna 

reaction,  394;  tbvory  of  ataining,  347. 
Holianthin,  3S9. 
Heller,  tit&inlng  mednllated  nerves  with 

oaminm,    353 ;    deoompoaing    chroma 

compound*.  315. 
Helvetia  blue  +  anilin  aalfe,  357. 
Henle,  silver  i^taining,  365. 
Henle  and  Merkel.  palladium  impreg- 

iiiitiou,  ^70. 
Honneguy,  value  of  aublim:\te  fixation, 

'35- 
Hdnocque,  gold  method,  267. 
Henry,  Williara,  ditfuaiiiu  of  g«ac-<,  318. 
Herdmann  and  Boyco,  cop|)«r  reaction, 

393. 
Hermann,  fixing  fluid,  96;  on  difloren- 

tiating,  193;  combining  differentiating 

agentawitbataina,i9S;  haetnatoxylin- 

bichromate   method,  338;    apennato- 

geneaia,  i4r. 
Hexamethyl  pararosanilin.  424. 
Hexamethyl  violet  (liquid  fibrea),  359. 
Hexanitrodiphenylamin,  384. 
Hexone  baaes,  28 1. 
Hickaon,  braxilin,  241. 
Hill,  Alexander,  chrome  kilver  method, 

378. 
Els,  iaolaliDg  tiaaae  eleraente  by  bruah- 

ing  or  aluUtiag,  150;  aUver  ataining, 

364. 
Hlatidin,  sSi. 
Hlatone,  conxtitution,  aSt,  319;  taktO' 

chemical  reaction,  330. 
Hiatory  of  ataining,  190. 
Hittorf,  rate  of  migration  of  ions,  to, 
HOhlf  digeation  method,  1 54. 
HofT,  A.  O.,  diatributiuu  of  nlkaliea  in 

plant  liaxnai,  3 1 4. 
Hoff,  van  't,  coefficient  of  diftribulj>^n, 

339 ;    diffbUiion    of   attlta,   328 ;    aulid 

Bolutiotis,  330. 
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HoflbianQ,  Bainhold,  tyrorin  test,  331. 
HofmanD,  'Wilhelin  von,  luiilia  red, 

193  ;  aniliu  violet,  435. 
Hofmann  and  Geygor,  safranin,  413. 
HofmeUter,  albuuiin   crystals,  124-5; 

behftvjour  of  siniilo  noidit,  57 ;  calcium 

cliloride  »  preci[iit.&Dt  of  albumin,  53  ; 

iodized  albuuiin,  93;  reaction  of  Adam- 

kiewicz,  333. 
Holmgren,  nerve  cella,  191, 
nomocerebrin,  3:3. 
Homofluorlndiu,  417. 
Homogeneity  of  thin  filing,  133. 
Hopkina,   albuuiin  crytitolfl,  124;   aro- 
matic amida  acids,  383  \  tryptophane, 

169. 
Hopkina,  maceraling  method,  151. 
Hopkina  and  Cole,  Adamkiewicz  reac- 

tion,  323;  pyrrol  reaction,  325. 
Hopkins  and  Pincua,  albumin  crystals, 

124. 
Hoppe  Beyler,  Jekorin,  312. 
Hoyer,  autmoniacil  silver  nitrate  stain, 

365. 
Hoyer.  formaldehyde  aa  a  Sxativc,  9B. 
Huie,  gland  flecretiun  and  cell  divibion, 

I4t  ;  acid  nature  of  peptone,  28". 
Humus  aoid,  300. 
Uydrazins,  affinity  for  cotton,  ^55. 
HydrasobaBxene,  3S9. 
HydraBone-dyes.  395. 
Hydrasones,  182,  386. 
Hydrochloric  acid,  electrical  dWocia- 

tion,  13,  15-7  ;  for  maceration,  151, 
Hydrogen  peroxide,  69. 
Hydrolysis,    nature    of,    2I  ;    methoda 

for  determining   amount,  33  ;    IL  of 

caetiuugeti-aaltB,  65  ;    of  colloids,  65  ; 

of  proteidg,  33  ;  of  Bodium  palmitate, 

66. 
Hydroxy],    basic    radical,  17-8;     the 

'  acid  '   LydroKyl  group  :  explanation, 

184. 
Hydroxy lamin,  averaion  for  cotton,  355. 
Hypo3canthin,  283, 


Imbedding  methods,  164-76;  watery 
iTiedia,  164  ;  dry  methods,  165  ;  celloi- 
din  method,  173  ;  paraffin  methud, 
167  ;  compariaon  between  paraffin  and 
celloidia  methods,  167. 

Intide,  185 ;  iotramolecular  union  with 
BulpboDic  radical,  361  ;  in  liquid  fibres, 

355" 
Imido-thiodiphenylimldo,  403. 
Immedlal  black,  434. 
Impregnation  methods,  364-So. 
Direct   opplicidion    of   lalta,   364-70 ; 
gold,  366  70  ;  mercury,  otiinium,  pnlln- 
dium,  370;  silver,  264-6. 
Indirect    applieatwn,    370-80;    gold, 


272,  378  ;  iron,  371 ;  lead,  271 ;  mer- 
cury, 272—3;  filver,  272,  274. 

Impregnation  of  proteida,  with  albu- 
mose,  261 ;  with  atnido  compounds, 
359 ;  ^'ith  fixing  reagents,  355  ;  with 
proteids,  254  ;  with  salts,  354—5  ;  with 
tannin,  360. 

Impurities  in  atains,  368. 

Indamin,  182-3, 401.  4(6 ;  tetnimetbTl- 
indainin,  403. 

IndandioD.  439. 

Indaain,  414. 

Indian  ink.  Greaser's  injection  maaa, 
160. 

Indian  yellow,  435. 

Indicators  of  organic  acids,  350. 

Indigeatibility  of  formol-flxed  mato* 
rial  by  trypsin,  90. 

Indigo,  conalitulion,  44O  ;  staining  with, 

357- 

Indigo  caxmin,  constitution,  440;  co- 
efficient of  distribution,  33a, 

Indirect  staining,  195. 

Indoin,  413. 

Indoin  blue,  349. 

Indol,  3i4'5- 

ludolaminopropionic  asid,  324, 

Indanea,  402. 

Isdophenol,  1S3,  403. 

Indophe'Dol  violet,  343. 

Induliu.  416  ;  precipitation  by  sulphario 
acid,  203. 

Injection  method  for  fixing  tissues, 
144-5  •  t*y  osmoaia  (lianvier),  J63. 

Injection  masses  for  blood-ireasAla : 
gelatin,  157;  fluids,  160. 

Insoluble  colour  salts,  303. 

Instability  of  mercury  albuminates, 

i"3- 
Intensity  of  staining,  205. 
Interaction,  between  cliromophort>*  aaJ 

anxi>cbnime«,    1S4;    betwtsen   tixaXivc 

and  stains,  256. 
Interference  of  normal  rate  of  diffu* 

aion,  340. 
Interrupting  the  prooesa  of  ataining, 

206, 
Intramolecular  stresa,  367. 
Intramolecular  tinion  in  dyes,  361. 
Intra  vitam  staining,  not  diacussodL 
Iodides,  etfect  on  heat-coa^nlatiun,  6i ; 

potassium  iodide   prevonta  setting  of 

{{tJaliuj  16 1. 
Iodine,  93  ;  prevents  tests  of  Adamkle- 

wicz  and  Millon,  93  ;  moon  ting  iodine 

preparations,  383. 
Iodine-green,  425. 
Ions,  definition  of   Arrhenitis,    11 ;    of 

Ftiraiiay,  9  ;   and  of  Kohliaosch,  1 1 ; 

rate  of  puigration,  lo-l. 
Iridium  chloride,  7S, 
Iron,  fcrri-  and  ferro-ions,  68 ;    micro- 
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ol>eniica1  testa,  345,  390,  439 ;  eB«ct 

nn  atAiDing  reaclioni,  354. 
Iron  ocetAte  m  mordant,  336. 
Iron-alum.  aft. 
Iron-aluin-faaamstoxylin,  338. 
Iron  nitTosulphide,  4.^4. 
Iron  sulphates  as  mordants,  335-6. 
Iron  tannatA,  c>taining  melbud,  371. 
Isolating  media,  151. 
Isolation  niethods,  150. 
Isoqulnoliu,  433. 

laotony  of  fixative  and  tissue,  tig. 
Israel,  Elirlicb'e<  trijile  at&in,  2ii. 

J. 
Janns'dyes,  390. 
Janus-ffTooQ,  3i8f  3,9 1 1  444> 
Jekorin,  313. 
Jelly,  gelatin,  structure  of,  7 ;  irtercr- 

sible  jollies,  1 33  ;  reveroible  J.,  37,  50. 
Jesner,  method  of  cleanini^oovor-gliuuMS, 

371  ;   Diethylene-blae  oosinate,  318-9, 

44  2- 
Jetblaok,  394. 
Johnson,  llindsay,  attaching  celloidLa 

blocks  to  «u]ipurt,  175. 
Jolly,  removii  of  inorganic  phosphorus, 

395. 
JcrdoD,  fixing  celloidin  sections  to  slides, 

3:5. 
Jang,  nilcrotoTiie,  179. 
Jungfleisoh  and  Bertlielot,  coefficient 

of  diitributioD,  339. 


Xadyi,  Aoap  imbedding  method,  164. 

Kander,  fractional  precipitalioD,  t;3. 

Kat-ions,  deiinition,  lo;  effect  on  heat* 
CMgulation,  63. 

Xehrmann  and  Messinger,  oxynaph- 
thoplienoziD,  411. 

Kent,  ictdine  as  a  fixatire,  93 ;  iodioa  -f- 
potassium  iodide,  95. 

Ketones,  85. 

KetODlo  radiool,  183. 

Kidney,  Behreni'  macerating  fluid,  151 ; 
staining  reactions,  353. 

Kisskalt,  Gram's  method,  453. 

Klebs,  imbedding  method,  164;  mace- 
rating fluid,  15]. 

Klein,  gold  method,  367. 

Kleinenberg's  fluid,  94. 

Klemenciewici,  gold  didoride  as  a  fixa- 
tive, 79. 

K&eoht,  theory  of  stainintTi  343i  363, 
451  ;  ahaurption  of  sulphuric  add  by 
wool,  363. 

Kooh,  caustic  pota<h-mcLbylsne  blue, 
313;  ciiver-glaM  method  for  baotaria, 

>43- 
KOllioker,  textbook  on  Histolngy,  190. 


Kohlrausoh,  electrolytes,  11. 

Kolk,  Tan  der,  Pnusian  blue,  160. 

Koloasow,  Golgi's  method,  375. 

Kopsoh,  formaldehyde,  99 ;  Gol^  me- 
thod, 375, 

Kossel,  chemistry  of  proteid*,  sSi ;  nu- 
cleic acid,  3S3. 

Kosael  and  Freytag,  cerebrin,  313. 

V.  Kostaneoki,  flavone  nuoleui),  435. 

V.  Kostaneoki  and  Itampe,  braziUn, 
438. 

▼.  Kostaneoki  and  lilebermann,  mor- 
dants, 33S. 

Kraftt,  colloidal  theory  of  staining,  340, 
366 ;  hydrolytSc  dissociation  of  coUuitls, 
65 ;  factors  determining  solubility  of 
salU,  44. 

Krause,  Klirlich's  triple  »tain,  331. 

Kraoss,  silver  itaining,  366. 

Krawkow,  choitdrosulpburic  acid,  385. 

Kreso  fuchain,  445. 

Kresol  violet,  RR,  446. 

Kreeyl-violet,  436. 

Kiieger  and  Cohnheim,  psoudo-acids 
and  pioudo-boset,  37. 

KrOnig's  aom,ent,  3S3. 

Kromnyor,  H»Qvii:r'«  fibrils,  448. 

Krontbal,  lead  sulphide  etaiuing,  371  ', 
lead  fijrmiale,  74. 

Xiihno,  antipeptone,  387  ;  digestion  me- 
tho<I(,  153;  macerating  fluid,  153. 

Kuster,  F.  W.,  starch  reactions,  301. 

Kultaohitsky,  fixing  fluid,  94;  c«Uoidin> 
paraffin  uiethoii,  176;  medullated 
nerves,  334-5. 

V,  Kupffer,  theory  of  gold  staining,  370 ; 
tieum-fibril  int;lbod,  334. 

Kurajoff,  formula  of  scrum  albamin,  90. 

If. 

Laelil,  formaldehyde,  99. 

Itaotone  formula  of  fluoreaoein,  429. 

Lak«,  definition,  315. 

Xiampe  and  Kostaneoki,  brazilin,  438. 

laandoia,  isolating  finid,  153;    metallic 

sulphide  cumpounda,  370. 
Lang,  sublimate,  77. 
Iiangley,  fixing  glycogen  with  osmium 

tetn^xidc,  303. 
I»angley  and  Anderson,  Marchi  me- 

th(M],  353. 
Iianuginic  acid  lakes,  451. 
Iianreut,  metbylenc-blue  eudnate,  3l8- 

9,  443  ;  theory  of  stninin^,  340. 
Xiauth's  violet,  404. 
Lavdowsky,   chloral  bydmte   i»olaUan 

metho<],  153;  formaldehyde,  9S ;  i,*uld 

stain,  367. 
Itaxarua  and  Ehrlioh,  niethylal,  3 1 3. 
I>ead  acetate,  So,  371  ;  actiou  on  albu- 
min, 348. 
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Lead  obxomate,  gelatin  injection  mass, 
158. 

Iiead  formlate,  74,  371. 

liead  Btilphidd    Kronthal),  371. 

Iieber,  iiiipregiiation  uf  cornea,  37'- 

Lecitholbumiiia,  285, 

IiQcitJiin,3i  i|  3«2;  inicro-cheiiiistry.jij. 

LedderboBO,  glucosamin,  2^7. 

Lee,  BoUea — 
Cdloi'Un-meihod.,  imbedding,  175;  dry 
methiiil,  174  ;  barJeiung  in  chloroform, 
173—4;  inountinij  sectionB,  375- 
Siainiuij    fhclAoilf,    inm-haematoxylin, 
332;    inethjl  preen  acetic  aoid,  215  ; 
reduction  olgold  in  Apdtliy'a  method, 
377. 
Mounting,  in  glycerin,  381. 

Leak,  microtome,  17^. 

Leeuwenhoflk,  fixing  in  nleohol,  101  ; 
by  dryintS  143. 

LofAvre,  419. 

Legroa,  silver  staining,  365, 

Lehmann,  vienrit  on  staining,  363. 

LenhOBs^k's  fluid,  loi. 

Leuoanilin,  431. 

Leuoin,  oonetitntion  and  impregnation 
experiment!,  359,  383. 

Leuco  ooropounda,  elfect  of  oxidizing 
media,  343. 

Loucooytes,  ewinophiloua,  staining  re- 
action«,  353. 

Leuooniethyleno-blue,  action  nn  tia- 
Hues,  34^  ;  cou-jtitiilion,  189,  4O4. 

Levene,  mucins,  2^6. 

Lewith.  fractional  jirecifiitation,  53, 

Liebermann,  O.,  phenol  iljei,  403. 

Liebermann,  C,  and  Kostanooici,  mor- 
dants, 2aS. 

Liebermann,  Leo,  reaction,  cjo,  301  ; 
nucleic  ncid,  383 ;  pftoudiu  iiuclein"«, 
385;  ovovitellin,  2S5;  onion  of  albu- 
min with  ncida  and  bn^es,  36,  28S. 

Liebermann  and  Bugarszky,  capacity 
of  proti'iclft  for  babies,  JS8. 

Liobreich,  iHolation  of  proteids,  311. 

Lilienfeld,  Jekortn,  313;  nucleo-)ii«- 
tone,    383,   331  ;    theory   of  stainiu^, 

345- 

Lilienfeld  and  Monti^  phoaphorua  re- 
action, 793. 

Lime  water,  action  on  nucleo-hietone, 
331. 

Under  and  Picton,  33-4. 

Linnemaun,  tbetiry  of  atdniug,  334. 

Liquid  chains,  53-4. 

Liquid  flbreB,  359,  363. 

Liquor  ferri  sulftixici  oxydati,  335, 

Litmus,  441. 

Liver,  ataiuing  with  Rold,  36S. 

Loewit,  gold  method,  367  ;  o«miuiii  te- 
troxide,  83. 

Iiudwig  and  Bohweigger-Seidel,  in- 


jection    of     tendon     of     diaphragm, 

Lugol'a  solution,  370. 
Luithlon,  Morchi  method.  351. 
Lustgarten,  elaatic  fibres,  445. 
Lymph'VesaeU)  injection  ot,  157,   159» 

160, 
Lyaatin,  3S1. 
LyBin,  3S1. 
Lyaol,  93,  103. 

M. 

m  =  meta  or  alternate  pontion  In  benzene 

ring,  180. 
Mooallum,  iron-reacUona,  390;  tmmaak- 

ing  iron,  391 ;    pboophoraa  reocUoB, 

Ifacerating  bone,  157. 

Macerating  fluida,  151  :  see  nnderlso* 

lation  methods. 
Madden,  H.  O.,    media  with  l^gb  re- 
fractive indicett,  377. 
Magdala  red,  414. 
Magenta  (riidi:jin).   staining  nlk,  ^56 ; 

Btainiog  wool,  345. 
Magnesium  sulphate,  So  ;    nui|rnesium. 

sulphate  and  chloride  compared,  67. 
Malaobite- green,     cunxtit-ulion,     433 

liquid  fibres,  359  ;  oxalate,  458. 
Malfatti,  theory  of  staining,  344. 
Mall,  digestion  metliods,  154-5. 
Mann — 
Cleaning,  oover-glanes  and  slides,  371; 
rizors,  164. 
CoUoiilt  fiHcl  eoaifulalioit,  olaasi6cation 
of  colloids,  48  ;  Tteira  on  coagiilalioo, 
43-9;  lieat-coagulation,  66  ;  meclioni- 
cal   conglutination,    50 ;     relationship 
between  oolloidti  and  electrolytes,  55  ; 
slide    and   test-tube  experiments   for 
microscopic  study  of  coagulation,  135, 
139  ;  protaiuiu-nucleic  acid  compound, 
384. 
Tfifjegfion  method,  for  lung,  154. 
Fij-iiDj  jKuids,  acetic  acid.  101  ;  bichrO' 
mate  and  subliuiate,  97  ;  diromie  acid 
and  sublimate,  97 ;  formaldehyde,  98 ; 
formaldehyde   and   osmium   tetroxide, 
8t,  99;   formaldehyde  and  sublimate, 
97  ;   oatno-aublimate,  97  :   picro-corr»' 
Hive,  96-7  ;  Bulphuric  acid,  71 ;  sulpha* 
r«u8  acid,  95. 
Fixiai)  the  ndna,  I48. 
Injection  methwis,  for  fixing,  1 44;  for 

blood- vesseU,  157. 
Mriaehromns^,  368. 

Miero-ehemical  reaetiont,  basicity  of 
albumin  crystals,  389  ;  elastic  6bre«| 
445;  hydraobloric  acid  in  staining 
elosiic  tissue,  446 ;  explanation  of 
staining  fat  vith  azo-dyes,  310; 
with  oyanioj  311;   dimethylporauiido- 
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benzaldebyde  roACtiott  for  diacetylglu- 
cnnamin,  399;  gnld-tryptopbane  reac- 
tion, 369 ;  redaciog  power  of  tbaues, 
389, 

lieinoral  0/ ogmiutn,  83;  of  picrio  acid, 
74,  143  ;  of  Bubliiimte,  77~^i  '4'* 

Motmiing,  albauiin  inetbud  of  fiiin;^ 
Bsotioiu  to  alidee,  37a  ;  glyceriu  for 
hMinntozylin-irou  alum  pre|.varatioiis, 
333. 

Stainfug  melho'h,  clftssificatirm,  196; 
Bumarck-broyrn  inctbyl-alcohol  stain, 
315;  bnuilein,  24a;  cauinein,  24S  ; 
gold  methods,  368 ;  bAcmateia  ioln- 
t^OD,  139;  remark  on  Harrla's  method 
of  oxidizing  baemat<>xylin,  340;  no^a- 
live  picture  cif  areolar  tifutue  witli  in- 
dulin  and  ciulpburio  acid,  303;  Marcfai 
method,  353  ;  explanatioa  of  Marcbi 
methyl,  314;  metb}'lblue-uo«in  stain- 
ing method*,  116,  341 ;  modification 
(if  Heller'»  methtHl,  354;  lilver  itain- 
ing  in  combination  with  tolutdin  bine, 
366  ;  toluidin  blue  +  acetic  acidj  315. 

Tfuorif  0/  itaininy,  general  view,  365  ; 
criticitm  on  pbyiical  ctniniog,  198; 
■ide-chaimi,  367 ;  fixative  nilecting 
■tainiog,  366  ;  alnm-haeinaUayliikii, 
330 ;  gtdpbonic  dyet  in  [ireieace  of 
•ulphoric  add,  363. 

Criticitnu  0/  B«the,  451  ;  P^dles  I^ee, 
344;  A,  Fiichcr,  8i.  355,  357,  335-9, 
352-3;  ▼.  Georgievica,  333;  Laurent, 
340  ;  Paul  Mayer,  341  ;  iStarke,  51,56, 
66-7. 
Marohl-Algeri  method,  351,  314. 
ICarfori.  colloidal   iron  ilooi  not  react 

«ith  haematoxylin,  393. 
Mark,   cullodiomziDg  paraffin  lectioDB, 

Marab  iraa,  oonatitotion,  84. 

MnrtiDOtti,  ebwtio  titaoe,  445. 

Idartius'  yellow,  384^ 

Maschke,  sodium  caruuoat«  and  indigo 
Htaining',  19). 

]|£ask  cement,  383. 

Haakad  iron,  393. 

Mastic,  refrnctivo  index,  377. 

Mathews,  Albert,  basic  dyes  a  test  for 
acid  mibsitances,  389 ;  inetbylgreen 
acetic  acid,  315  ;   theory  of  ataUting, 

348- 
Maorer,  methyleneblue-eotinate,  319. 
Maoveine,  193.413. 
Mayer,  Paul — 
Firinj/Jluid,^^;  objection  to  ammonia, 

9i. 
filing  tecliont  to  tlidet,  albumin-gly- 
cerin method,  373. 
Mountiiijf,    alcubolio    bnUatn,   3S0 ;   in 
watery  media,  381. 
Stuininf  jttiidM,  carmin  staining,  344 ; 


mnci-carmin,  346 ;  picro-magnesia 
carmin,  347 ;  objection  to  aromnnia 
in  picro-carmin,  348  ;  on  gold  chlo- 
ride, 79;  haematoxylin,  329;  oxida- 
tion of  haeniatox^-lin,  331  ;  haematein 
HriliiLiunK,  33s  ;  soluble  Primsiui  bliie^ 
160;  solubility  of  Sudan  III  in  glyce- 
rin, 30O  ;  Khrlioirs  Iriacid  ttain,  331. 
Ilcmovol  iij  osmium,  83. 

Measures  and  Weights,  460. 

Mechanical  coagulation,  3,  50. 

M^fau,  aitiinoiiium  sulphide,  53. 

Mercuric  albuminate,  soluble  in  so- 
dium chloride,  58. 

Merourio  iodide,  78. 

Mercuric  nitrate,  138. 

Mercury,   effect  on    staining  reactions, 

354- 

Merkel  and  Henle,  palladium  impreg- 
nations, 370. 

Mesoxalyl  urea,  440. 

Metachromatic  staining,  368,  386. 

Metacinn&mene  +  phenylthiooorbi- 
znide,  refractive  index,  377. 

Metallic  salts,  direct  application  for 
stainin;^,  364;  indirect,  370. 

Metatoluylene  diamin,  341. 

Methane,  84. 

Methin.  iSj,  396. 

Methyl,  187. 

Metbylaj,  accentuator,  3T3. 

Methyl-benEene  (toluol),  cnnititation, 
iSo;  mounting  medium,  377. 

Methyl-blue,  conBlitutiun,  436;  fixative 
for  clividin  granules,  1 43. 

Methylblue-eosin  stain,  316;  for 
countenLaining  haematoxylin  sections, 
341. 

Methyl-ethyl,  constitution,  84. 

Methyl-green,  434,  459;  methyl  green- 
acetic  acid  (.Carnoy),  315  ;  method  of 
purifying,  368. 

Methyl-iodide,  411. 

Methyltoluylene  diamin,  415. 

Methyl-violet,  coiutltution,  434;  aton- 
ing of  gelatin,  334 ;  an  imparity  in 
methyl -green,  368. 

Methylene -axur,  405. 

Methylene-blue,  404  ;  M.-B.  +  organic 
acid  conipoiittds,  405  ;  action  on  tiasnet, 
343  ;  Cox's  melh»d,  349  ;  behaviour  ia 
liquid  fibres,  35,9 ;  conversion  into 
methylene-ar.iir,  36,  404,  443. 

Metbyloneblue  eosinate,  ai8,  441. 

Methylene-diiodide,  refi«ctive  index, 

377- 
Methylone-green,  405. 
Methylene-red,  405. 
Methylene-violet,  405. 
MevM,  spermatogenetis,  143. 
MioA  plat««,  374. 
Michaells,  views  on  Altmaan'i  mixture, 


149  ;  Jftnas  green,  ai8,  444  ;  eUatic 
fibres,  446;    fat-reactions,   307,    310, 

3"- 

Michailow^,  heat-coagtilntion,  =9. 

Michlcr'a  ketone,  418. 

Micro-anatonucal  reactions,  445. 

Mioro-ohemioal  reaotiona,  288. 

MicroTailliiaetrd,  171. 

Ifioroscopio  investigatians,  into 
chcmic&l  precipiution,  1 25-33  ;  pliy- 
Bical  coagulation,  i3l-$. 

Microtomes,  176. 

Miesoher,  protiunin,  aSl. 

Minot,  micriUoine,  179. 

MitoBiB,  Rtainiog,  2^\2,  448. 

Mizturea  of  Baits  affeoti  D  B  heat-ooagu- 
lation,  63-4. 

Mflmer,  C.  and  K.,  cbomlroauljihuric 
acid,  285. 

Moisture,  affecting  ptnining,  1 98 ;  avoid- 
ance wLeu  moimiing  in  rcaixious  media, 

379- 
Mol  =  pran\  molecular  wejglit,  lO. 

Molaaaliott,  jxsLaaaium  and  Bodium  hy- 
drate. 1 5  J. 

MoliHCjh,  furfurol  reaction,  399  ;  furruriil 
reaction  alwient  after  fornialdebyde 
fixation,  90;  masked  iron,  390. 

Moljrbdio  ooid,  295. 

Monazo  dyes,  387. 

Monoamidoazobensene,  389. 

Monoamido&KO  dyes,  389. 

Monokeberg  and  Betbe,  osiulum  tetro- 
side,  69. 

Monogenetic  dyee,  aig. 

Mouopbenyl  methane,  417. 

Monti  and  Ijilienfeld,  pliosphoruB  re- 
action, 393. 

Mordant,  defimtion,  335  ;  double  mor- 
danting, 339;  mordants  witb  acid 
dyes,  335—7;  with  basio  dyes,  135,  349  ; 
when  mordaiita  may  bo  applied,  335; 
theory  of  action,  327, 

Moris,  435. 

Mott  and  Halliburton,  Mftrohi  methcxl. 

Mounting,  general  account,  376;  in  air, 
3S0;  iroualum  bacmatoxylin  prepara- 
iiona  in  glycerin,  333  ;  Kiv\^  prepa- 
rations, 273  ;  iodine  preparations,  3S3. 

Muc-boomatein  solution,  338 ;  for 
daKtic  tisBue,  447. 

Muci-oarmin,  346. 

Mucins,  2S6. 

Mucus,  rfacHon,  289"  staining  -with 
camiin,  345-6 ;  with  haematoxylin,  23S. 

Muir,  Richard,  Blainint;  flajjella,  350. 

Muir,  Robert,  ffjnnmldchydc,  99. 

Muller,  Carl  Friedrioh,  silver  slatniug, 
265. 

Miiller,    Friedrich,    glucosamii],    3S6  ; 

,    aoetjl-glucosamin,  398-9, 


Muller,     Heinrioh,     Introduction     nf 

potusium-bichromate,    75  ;    *  Miiller'i 

BolutioD,'  93. 
Mulder,  albumin-chloride,  287. 
Murexide,  440. 
Muscle,  isolating  fibres,  151^2. 
MyliuB,   test  for   alkalinity,   9t^,    a8g; 

bile  acids  give  furfurol  reat-tion,  300; 

starch  and  cholalic  acid,  301. 

K". 

Naphthalene,   constitution,    tSo,   391 ; 

nitrated,  431. 
Naphthalene-red,  414. 
Naphthol-/3,     359 ;       a-mtrQ80-^na;'h- 

thol,  400. 
Napbthol-blue  (Meldola),  407. 
ETaphthol -green,  400. 
Naphthol-yellow    8,    in    combination 

with  organic  baae:*,  357. 
Naphtho'iininone-oidine,  400. 
Nnphtho  safranin,  414^ 
Naphthylamin-jj,  359. 
Nasae,  Millnn's  reaction,  3a  1-3  ;  tyrotbi 

reaction,  333. 
Natural  dyes,  435. 
Necrosed  adipose  tissue,  311. 
Nencki,  aromatic  amido  acids,  3S3. 
ITernst,  coifficient  of  distributioo.,  339; 

diilerence  of  potential,  53. 
Nerves,    optical    isolation    in    leeches, 

Apithy,  153. 
Noaeler's  reagent,  77. 
Neateroffsky,  gold  staining.  267. 
Neuberg,  sugar  reactions,  300. 
NeumeiBter,     glyoeropboB]ihoric     acid. 

285. 
Neurin,  2S3. 
Neuro-fibrila,  Apathy,  341 ;  Celhe,  449; 

Cox,  349. 
Neuroglia,  Benda,  344  ;   Beneke,  448 ; 

"Weij^ert,  336. 
Neutral  balsam.  378. 
Neutral  dyes,  186,  218, 
Neutral  fixatives,  importaooe  of,  134. 
Neutralieation,  explanation,  17-S. 
Neutral  mounting  media,  377. 
Neutral  red,  410,  457. 
Neutral  violet,  411,  457. 
New-fuchsin,  45S. 
New-metbyleneblue,  407. 
New-methyleneblue  N,  405. 
New-rosanilin,    in    oombiuation    with 

orfianic  acidn,  3.^7. 
Nickel,  Millon's  reaction,  331. 
Nicolas,  imbedding  methrid,  164. 
Nietskl :  see  Appendix,  The  chemistry  of 

Dyetf,  383 ;    elassificntiun  of  iiaphtbol 

sulphonic  acids,  391  ;  oxynaphlho|ihen- 

azin,  411;    rosandin,  420;    theory  of 

staining,  363. 
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Hisht-bliM,  416. 

Nilo-blue,    407;    hydrochloride,    457; 

liquid  fibrea,  359. 
Niaal,  r«aotioD  of  |p-anule«  in  uerve  cells, 

189;  soap  in  ffUinin^  Haidii,  313. 
Ni(i«t«9,  effect  on  beat-congul»tioD,  61. 
Nitrio-moljrbdate  reagent,  395. 
Nitro-dyes,  383. 
Nitro-croup,  1S3-4. 
Ifitroaamin,  358. 
Nitrosodimethylanilin,  341, 
NitroBo  group,  1 84. 
Nitrosophenol,  400. 
Kitrotulphide  of  iron,  434. 
Nocht,uietlijleDe-LlueeMiujit«,405,44]. 
If  ou-6leotrol7t«s,  effect  on  proteids,  7, 

•59.  70.  '34- 
'  Normal '  aolatlons,  i  R. 
Nucleic  acid,  iHj, :  tteti  alao  under  Acids. 
Nuoleln,  cotiBiituUon,  384  ;  itaiuiitg  re- 

actlona,  339,  344-347.  35a.  355- 
Nnolein  baua,  3^3. 
Naoleo>histone,  28a,  J84 ;  decompoflod 

hy  alcohol,  87,  330. 

O. 

0  K  or  the  or  adjacent  position   in  ben- 

Bene  ring,  1 80. 
Obr«gia,    method    for    fixing    celloidin 

■ectioni,  376. 
Oddl,  amyloid,  385. 
Oedematin  graniUaa,  91. 
Ohm,  460. 
Ohm's  Law,  460. 

Olfactory  muooua  membrane,  1 49. 
o-phenylene-diamin,  355. 
Oppits,  silvt^r  itaiiiing,  366. 
Oppler,  eleidin  granulee,  1 43. 
Orang*  I,  393. 
Orange  II,  393. 
Orange  III,  389. 
Orang*  IV,  390. 
Orange  O,  393. 
Orcein  and  Orcin,  44 1  ;    orcin  teat  for 

•xigar,  300  ;  for  eUwtic  fibrea,  446. 
Oroimfamin,  408. 
Orthooreaol,  446. 
Orthodiamln,  409. 
Orthodimethylbenaene,  mounting  mc" 

aium,  377. 
Orthodioxy  bensene,  436. 
Orthopbthalic  acid,  377. 
Orthoquinol,  409. 
Orthotoluyl  acid,  377. 
H      Oabome,  bydrulysia  of  caseinogen  aalti, 
f         65  ;  criticism  of  Fiacher,  300. 

Osmium  tetroxide  (oamio  add),  om- 

Btitution  and  metboda  uf  regeneratioa, 

L81 ;  action  cm  proteidc,  69,  83,  loa, 
107,  ij8  ;  method  of  employing,  81  ; 
time  to  fix,  83 ;  impregnation,  too, 
370 ;  removal  from  tiaaaea^  83 ;  redno- 
L 


tion  in  ilaeuea,  with  tannin  and  pyro- 
ligneooB  add,  too ;  Heller's  method, 
353  i  effect  on  ataining  reactiuiut,  337, 

354- 
OBmimn  and  copper  avilphate,  448. 
OtmionEi  and  formaldehyde,  99. 
Oamium  and  picro-oarmin,  349. 
Oemium  and  sublinoate,  97,  149. 
Osmoaia,  3J7. 
Osmotio  preaaure,  337. 
Ofltwald,  dissociation  of  chromium  tri- 

oxide,    73  ;     formation    of    iona,    13  ; 

oxidation  and  reduction,  6o- 
Otto,  apecific  gravitiea  of  aulpharlc  acid, 

Oademans,   specific   gnvity   of   acetic 

acid,  73. 
Overton,  iodine  Tapoor,  95  ;  lulphurous 

acid,  95  ;  sulphurous  add  aloobul,  73. 
Orovitellin,  285. 
Oxamin>blae  3B,  454. 
Oxaain,  184,  406-7. 
Oxazone,  407. 
Oxidation,  by  oxygen,  of  the  air  and 

potoaaium  permanganate,  68  ;  of  lenco 

oomptiuntlm,  343 ;    of  toluene,  xylene, 

and  turpentine,  377. 
Oxonln,  404. 
Oxyaxin,  409,  411. 
Oxy-aBO-bonxene,  186,  385-6,  39I. 
Oxychromatin,  458. 
Oxyindomin,  406. 
Oxyindone«,  406. 
Oxy-naphthophenasin,  411. 
Oxyquinone,  397. 

P. 

pKpara  (oppoate)  podtion  in  beoiena 
rmg,  180. 

Paal,  C,  add  abaorbing  powen  of  alba- 
min,  387  ;  union  of  formaldehyde  with- 
tertiary  nitrogen,  89. 

Pal,  O.,  meduUated  nerve  method,  334  ; 
decolourizing  fluid,  83;  counter-stain- 
ing Giolgi  preparatione,  380. 

Palatine-orange,  384. 

Palladium,  impregnation  method,  370. 

Pappadli  and  Bruni,  on  onlloida,  43. 

Pappenheim,  interaction  of  auxo- 
cliromea  and  chromophoree,  1 84— 5  t 
remontage,  339;  lent  for  olknliea,  314. 

Pskra-aao  dyea.  fat-ataining,  309. 

Paracarmin  (Paul  Mayer),  345. 

Paradiamido  dlphenyl,  389,  395. 

Paradlamin,  415. 

Paraflln,  oonatitntion,  167 ;  imbedding, 
167-9 :  advantagea  and  diaadTanUurea, 
167  ;  attaching  paraffin-blodc  to  holdar, 
171 ;  cutting  ribbons,  171  :  paraffining 
paraffin  aeciiona  (Rabl),  17a. 

PaxaAn-anathol-oelloidin  method, 
176. 
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Farafflnum  liquidum,  refractive  Index, 

Pitrafaclisin,  coiutitutiOD,  183. 

Paraloucanilin,  421. 

Paraphenylene>blue,  416. 

Faraphenylenediamin^  3S6, 401. 

Faraguinonedijmide,  401-3. 

Fararos&nilin,  cntiHlitutina,  424,  437! 
jla  base,  431  ;  5a  liquid  flbr««,  359. 

Fararoaolio  acid,  417. 

Paratoluidln  -f  resoToLn^  446. 

Fotoujb,  cerebrin,  312. 

Parker  and  Floyd,  alcoholic  formalde- 
hyde, 99. 

Parma-blue,  435. 

Partial  presamre  exerted  by  gaa«B.  318. 

Patent  blue,  433. 

Fauli  (Paaobelea),  action  of  electrolytes 
and  non-electrolytei  on  globulin,  56  ; 
alteration  in  ooagulatioDi  temperatures, 
60  ;  heat-coagiiitated  globulin,  64  ; 
globulin  coagntjition,  45^. 

Pftwell,  O.,  iron  nitro-aulphide,  434. 

PelliEi,  Marchi  method,  15}. 

Femsel  and  Bpiro,  act<l  and  baaio  capa- 
city (tf  proteid'*,  36,  387-8. 

Fentara ethyl  rosanilin,  415, 

Pentane,  couBtitution,  84. 

Fentoae  radical  of  nuoleio  acid,  283. 

Pepsin -hydrocb  I  orifl  acid,  action  on 
prateid*,  345  ;  on  gpermatozoa,  347. 

Peptone,  acid  nature,  287 ;  efleot  of 
precipitation  with  different  reagent*, 
ia6. 

PeptofilBatton  of  gsla,  36. 

Peri  (1  :  8)  p«iiition  in  naphthalene,  388. 

Ferkin,  A.   G-.,  and  BabUcb,  morin, 

435- 
Ferkin,  G-ilbody,  and  Tatee,  brazilin, 

437- 
Perkin  and  Tate«,  haematoxylin,  436. 
Ferkin,  H.  W.,  Junior,  berberiu,  433. 
Perkm,  eenior,  mauTeinc,  193,  413. 
Ferla,  iron-reactions,  290. 
Perm&ngranate  of  potaah,  u  a  fixative, 

93 ;  oxidizer  in  acid  and  alkaline  media, 

68. 
Peroxide  of  hydrogen,  69,  81,  83, 
Peraulphato  of  ammonium,  446. 
Persulphate  of  iron,  325. 
Petroleum  ether,  solvent  for  balsam, 

379. 
Pfliiger,  Sudan  1,1,  306. 
Fhenasin,  rormalion  of,  409  ;   oxynaph- 

tho[>hcnaEin,  411. 
PhenalbidiaEobenBenej  389, 
Fhenoldinzobenaene,  391. 
FhODOlpbthalein,  438. 
PhenolphthaleLn  ethylester,  438. 
Phenosafranln,  412-3. 
PhenoxaKib,  406. 
Yhxnyl,  187,417. 


Fbenylamidoaso-bensene,  390. 

Fhenylamin,  401. 

Fhenylaxo  -  m  -  phenylene  -  diamin, 

390. 
FhenylaEo-methinphenyl,  396. 
Fhenyl-brown,  390.  _ 

Fbanylene-blae,  416. 
Pbenylene-djamin,  355. 
Phenylene      diaaao-m-phenylena 

amln,  390. 
Phenylglycocoll,  liquid  fibres,  359. 
Phenylhydrazin,  355. 
PhenylhydraBin  hydrochloride,  J95. 
Fhenylbydrasone,  386. 
Fhenylmethane,  417. 
Phenylrosindulin.  415. 
FhenyltMooarbimide,  377. 
FMorogluoin,  teat  for  sugar,  300. 
Phloiin,  430. 
Fhoaphia,  433. 
Fhoaphorua  reootion,  293. 
Phrenosln,  31J. 
Phthalein,  428 ;  relation  to  faaetoatox^ 

lin,  438. 
Phyaioal  chemistry,  9. 
Phyaioal  ooagulation,  microscopic  phe- 
nomena, 121, 
Phyaioal   staining,  classification,   196; 

double  staining,  307  ;  theory  of,  330. 
Fhysica,  includes  Cberaistry,  365. 
Picric  aoid — 
ChemUtrji,  constitution,  74,  383. 
AcUoH  on  tistuea  and  proteidt,  74,  102, 

J 19-30 ;  microeoopio  effect  on  dentero- 

albumose,  137  ;    decompoatioo  of  pro- 

teid  picrates  by  water,  14a. 
Eemovatfrom  iMues,  74. 
Stainutff  agtut,  loa,  199,  308-9;   ^* 

pregnation  with  silver  picrate,  365  ;  ia 

Golgi'e  method,   376 ;    as  a   mordaal, 

225  ;    for  elastic  fibres,  445  ;    zantbo- 

proteio  reaction,  33 1 . 
Sata  of  diffusion,  204,  208^  ;  forma' 

tion  of  bull's-eyes,  207. 
Fioro-oarmir.8,  246-7  ;    to  be  used  tat 

fresh  tissues,  345  ;  staining^  effects,  199'. 

mounting  sections,  249. 
Picro-oorrosive,     96-7  ;      inieraioo|io 

effect  on  devitenvalbumoee,  laS. 
Ficton  and  Ijinder,  on  colloids,  33-4. 
Finoua  and  Hopkins,  albnmin  arjrstidii, 

'24- 
Flaamolyaia  (Quincke),  3. 
*  Platinum  chloride,'  constitation,  76-9, 

336  ;  action  00  different  protmds,  loSi 

effect  on  staining  reactions,  54,  356-7. 
Platner,  chrome-haematoxylin  st»in,  23J. 
Flugge^  Millon's  reaction,  321. 
Podwyssoaki,  Flemming'a  aolutton  witli 

sublimate,  96-7, 
Folaillon,  iron-tanoate  stAining,  271. 
Pollaooi,  phospboms  reaction,  ^94. 
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Pollen  moth»r-o«ll0,  suialng  reftction, 

353- 
Polychroinio  xnftthyleneblue,  405. 
Polygonetio  dyes,  3j8. 
Ponoeau,  393. 
Potaah  ftlom,  80. 
PoUwixun    ftcotate,    mouoUnt,    3S1  ; 

nfnotive  index,  377. 
Potaaalum   bichromate,  oxidiur,  69 ; 

table  of  ftctiuD  on  pr<>tci«i«,  loa  ;   for 

macerating,  153  ;  removal  froin  liquet, 

Potauloin   chloratA,    for    maoeratiag, 

"5'. 
Potaaslum    hydrate,    for    macerating, 

15]  ;  caiiRtic  alcohol,  317. 
PotaMium  iodide,  93  ;  diftolvM  NisBre 

botliea,  93  ;  keeps  gelatin  iluid.  160, 
Potaaaiiun   manganate  and  pemvaa- 

sanate,  68-9,  93. 
Potential  aoida  and  baaes  (ataininc), 

"4- 

^PTe<3ipitation,   cauAeit.    55-5B;    mlcro- 
•copic  appearance  of  chemical  precipi- 
tation, 135  ;   of  proteida  by  dyn,  348; 
P.  membranet,  35  ;  P.  power  of  elec- 
trolvtM  and  non-eleotrolytee  :   acetic 
aetd,    105  ;     acetone,    104  ;     alcoholp, 
103-5  i     ammoninm     picrate,      119  ; 
Lfcrmol,  106;    picTic  acid,  119;    tabli- 
■  aute,  107-8  ;   sublimate -f  acetic  acid, 
115;  ».  r  bichromate,  1 1 4  ;   %,  *  formol , 
1 1 7-8  ;   1^  ^  oimium  tetroxide,  116;  1. 
'f-  picric   acid,    119-30;     a  -t-  aodiam 
^orido,  1 09- 1 1 3. 
Pre-exiatenoe  of  cell-struature,  141. 
Preoccupation  in  staining,  333. 
Preyer  and  Bohala,  globin,  383. 
PrimeroM  4  raloool,  430. 
Prfischer,      dimslhylparainidobenzalde- 

hyde,  398. 
Propane,  84. 
Protagon,3ii;  miero-chrmioal reactioiu, 

313. 

Protalbumoae.  teat-tube  experlreentt, 
130. 

Protaznin,  a8i ;  P.-f  nncleio  acid,  384. 

Proteidfl,  definition,  3  ;  ohemiatry,  38 1 ; 
V.  nre  hydrogen  lalta,  58-67 ;  F.  are 
neutral,  133  ;  power  of  abaorbing  addi, 
387 :  oonatitutinn  and  micro-oheoiical 
reaotioaa,  315;  effect  of  Mtorated  lalt 
■olotioDS,  31  ;  solubilitr  after  flzaUon, 
77-8,  335  ;  precipitabiilty  by  differant 
reagents  (table),  lO). 

Pmd'homme.  iron  nitro-anlplilde,  435 ; 
theory  of  staining,  358. 

Pnusian  blue,  160;  impregBation  me- 
thod, 371. 

pMudo-acida  and  baees.  35.  37 ;  in 
proteids,  338  ;  in  connexion  with  stain- 
ing, 334. 


Pseodo-ammoniom  bases,  bexameihyl 

Tiolet,  431. 
Pseudo-nooleina,  385. 
Paeudo-pararosanilin  oarbinol,  189. 
Pseudo-aolution,  33. 
Pmin,  383. 
Purpurin,  399. 

PutreCaotion,  Mall's  table,  155. 
Pyraaolon  dyes,  395. 
Pyrtdin,  ooDAiitution,  431;  aocentaator, 

113. 

Pyrooateohin,  93,  436. 
Pyrogollol,  436,  446. 
Pyronin,  1S4,  418. 
"Syml,  335,  395. 
PyrroUdln-oarbcxylio  aoid,  335. 


Quecket  Club  microtome,  177. 
Quervain,  injection  method  for  fixing, 

M4- 
Qulnol  (ortho),  409. 
Quinolin,  nooentuator,  3i>,  400,  431-3. 
Quinolin-red,  433. 
Quioolin -yellow,  433. 
Ctuinone,   cotutitution,  180,  397,  401 ; 

chromophori',  183. 
Quinone  chlorimlde,  401. 
Quinone-dioblorimide,  401. 
Quinoneiraide,    401  ;     paraqninonedi- 

iiitidf,  401-1. 
Quinone-ozlmes,  183,  397,  400. 
Qoinoxalina,  4 1 6. 


Babl.    catting    parafEn   sections,    173; 

picro-corroaive,    99  ;    nature  of  lilv 

staining,  366. 
Baoiboraki,  oanses    affecting   staining, 

300;  phenol-reactions,  393. 
Samdn  (y  Oa]al),  doable  impregnation 

method,  375. 
Bwnaden,  mechanical  ooagnlation,  51. 
Banvier — 
Imjiregnalion  method*,  gold,  368  ;  ailirer 

nitrate,  364-5. 
Iiyeetion  mtlhoda,  by  nemoMS,  161. 
Macerating JIuid,  }  alcohol,  150. 
8et>tiotting,  hand  miorotome,  177. 
Staiminff,   alum>eoeiB,   103 ;    pioro-car* 

min,  346-7. 
Rnppell.  solubility  of  jirotagon,  3 1 1. 
Bate  of  diffusion  of  dyea,  in  gelatin, 

305  ;  in  filler-paper,  304. 
Batio  of  surfkoe    to   diameter   and 

cubic  capacity,  3o6. 
Bausoh,  i»ol»ti<>n  method,  151. 
Tom  Bath,  fixing  solution,  loo> 
Bawita,   alizarin    staining,    343:    basle 

dyea  after  mordanting,  349;  braiiliD, 

341 ;    raoci-carmin,    346 ;     rendering 
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Pruaaian-blue  proparatlons  permanent, 

160;  theory  of  ataining,  331. 
Basots,  metliiHl  of  claanmg,  164. 
Baaction  of  tisauaa,  method  of  deter- 

uiiniug,  aS^. 
V.  Beoklinghausen,  injecting  tendon  of 

diaphragm,  161  ;  silver  (rtaining,  364. 
Beducing  aubst&noes,  teat  for,  389. 
Beduction,  63  ;  nx&Iic  acid,  S6. 
Befractive     Indioea     of      mounting 

mddia,  377. 
Beseneration  of  osnuum  ietroxida, 

81. 
Begina-vlolet,  4^5. 
Beiob.,   silver  staining  aod  gelatin   in- 
jections^ 365- 
Beiohart,  macerating  fluid,  152. 
Belobl,  C71II,  oTcin  teat  for  sugars,  300. 
Beinke,  \ym\,  9a. 
Bemak,  sublimate,  7;^. 
Bemontage,  aa^. 
Beaoroin,  445  ;  test  for  augar,  300, 
Beaorufamin,  408. 
Beaomfln,  407. 
Betina,  14S, 
Bhodamin,  conslilution,  430-1 ;  liquid 

iibrea,  359;  type  of  anilin  dye,  188. 
Bhodanatea,  heat-coagulation,  61. 
Binger^  Sidney,  heat-reversible  gels,  50. 
Bipart  aud  Petit,  fixative,  315. 
Bipening  of  staining  aolutiona,  368. 
BobertBf  William,  uncoagu lability  of 

diluted  egg-white,  38,  122. 
Bobertaon,  Ford,  imbedding  medium, 

165;  modiBcation  of  Heller  b  metbod, 

Bobin,   carmin-gelatin    injection   mass, 

157- 

Boccelene,  393. 

BAntgen  raya  and  barium  aalta,  356. 

Boetbeli  and  Onehm,  theory  of  stain- 
ing. 333.  356. 

Bdthig,  elastic  flbrea,  445, 

Bomanowaky,  oosinate  of  methylene* 
blue,  441. 

Boaamin,  433. 

Boaanilin,  constitution,  419-10,  435  ; 
roaanilin  salts,  43a  ;  cause  of  basicity, 
185  ;  R.  and  acid  dyes,  444. 

Boaanilinaoetate,  458  ;  picratc,  443. 

Boaanilin-blue,  4J5. 

Boae,  Ferdinand,  acid  radicals  of  me- 
tallic salta  do  not  enter  proteid,  58; 
biuret  reaction,  316. 

Bose  Bengale,  430. 

Boaenatiehl,  rosanilina,  430. 

Boaio,     methylene -blue-cosinate,     a  18, 

Boain  and  Schiinmelpfeng,  action  of 

alkalies  on  dyes,  405. 
Bosindulin,  415. 
Boflolio  aold,  oonititution,  183,  437. 


Booaam,  iron  nitro-sulphide,  434. 

BubifoBcin,  397. 

Budneff,  oHmiuiu  tetn>zide,  81 ;  pnteiil 

and  tyrosin  reaction,  321, 
Bu£^allio  acid,  399. 
Kupe,  iilcAniiin,  310. 
Huthenium,  chloride,  78  ;  oride,  81, 
Buthorford,     encasing    mixture,     17"; 

freezing  miorotome,  177. 
Byder,  celloidin-paraffin  method,  176. 

S. 

B&firanina,  409,  4I2  ;  liquid  fibies,  359; 

fur     elastic     fibres,     445  ;      Rawiu't 

method,  249. 
Safranin^aaodyea,  444. 
Ba&anQla,  409,  415. 
Baf^oain.  430. 
Balnt-Hilaire,   uric  acid   and  hiatoae, 

Salt-coloura,  mordants  for  basic  dvet, 

Balt'dyea,  186-7. 

Salta — General  aeeouni :  definition,  15  ; 
behaviour  iu  solutions,  19;  relative 
strength  of  ions,  18;  amount  of  dian* 
ciation,  1 9 ;  interaction  between  neu* 
tral  salts  and  their  weak  acids,  16 ; 
law  of  diff union,  204 ;  salting  oat 
method  for  fixing,  1 40;  claastfication 
of,  19. 
Acid  talta,  bichromatea,  75  ;  acid  chlo- 
rides: mercury,  77  ;  tin,  7S  ;  nitrahH: 
mercury,  79  ;  sulphates  :  mercury,  80. 
DoithU    mltf,    sublimate   and    aodium 

oliloride,  77. 
Hydrogen     ehlcride$,     platinum,    tc, 

78-9. 
Neutral    ealtt,     ammoniom    sulphate, 
&.C.,  80 ;  effect  of  saturated  aolutions 
on  proteids,  31. 

Salt  formera,  tSa,  184. 

SandmaDD,  sulphoroua  acid  macerating 
Suid,  153. 

Saiidiu6yer*a  prooeaa,  437. 

Scarlet  B,  310  ;  Ktaining  wool,  345. 

Schacht,  glycerin -jelly,  381. 

Bchjtfer,  combination  of  differ entiatisg 
agents  and  stains,  198  ;  fixing  by 
steam,  143. 

Schaffer,  bone-methoda,  156. 

Bohantae,  microtome,  179. 

B  chape  r,  subliiuate  and  iodine,  ^8, 

Soliaudinn,  bradlin,  343. 

Sohiff,  biuret  reacciun,  317. 

Scluinmelpfeng,  action  of  alkaliea  oa 

<iye«,  405- 

Schmidt,  O.,  albumin  cUoridea,  387. 
Boluniedeberg,   chondroaulphuric  »di, 

366. 
Bohataanberger,  theoryof  staining,  357. 


Bohultze,  Max,  isolatioa  tuetbod  with 
eftustio  )>otA!ib,  igt-J;  oiomuin  te- 
tri>iide,  81. 

Schulze,  Franz,  oemium  tetrojdde,  81  ; 
palladium  chloride,  a^o. 

Bchwalb«,  Rilver  Rtaiiung,  365. 

Schwars,  formaldehyde,  89,  91  ;  double 
staining  wiUi  carmin  nnd  picric  acid, 
19:. 

Bohweiffger  •  86idel,  t«ndon  of  dia- 
phragm, 161. 

Baotioning,  163 ;  treatment  of  frocen 
aectionn,  177. 

Bdegen,  forfurol  reactioa  of  proteidi, 
3CXJ. 

Behrwald,  Golgi  method,  379. 

B«iler,  alcoholic  biitHam,  380. 

Beliwanoff,  resorciu  t«flt  for  siiij'ars,  300 

BAminal  tubolBSj  I48. 

Semi -permeable  membnanea,  3.^0,  360. 

Serial  soctions  originated  with  Btll- 
Uog,  164. 

Bericin  lakes,  451. 

Berum-albuniin,  Kurajeff'a  formula, 
90;  teat-tube  experiments,  131  ;  stain- 
ing reiwtj.ma,  35J-3. 

Berum-globulin  and  deutero-^albu- 
mose,  test-tube  ejq^erimenta,  131  ; 
Btaitting  reactiun*,  353. 

Betting,  microeoopio  appcaranee«j  50, 
laj. 

Beverin,  ailrer  staining,  365. 

BeyewetB,  interaction  of  colour-adds 
and  colour-bases,  443. 

Bhear-effectB  in  albumin,  133. 

Side-chains,  definition,  187  ;  in  staining, 
301  ;  acting  collectively,  367-8. 

Siegfried,  phosphocamic  acid^  385  ;  na- 
ture of  peptone,  a88. 

Siehler*!  macerating  fluid,  151. 

Siemena  merourr  unit,  460. 

Silrer,  metallio  and  oxide,  59,  67  ;  S. 
nitrate  injection  fluids,  160;  impreg- 
natiuDs,  364  ;  Golgi,  373. 

Singer  and  Miinaer,  Marohi  reaction, 

3«4- 
Slaley,  a  criticism  of  Prud'homme,  361. 
Siae  of  objects  factor  in  staining,  31 1. 
8j0l»rlng.  formaldehyde,  SS,  91,  99. 
SJOgriat,  union  of  albuuiiu  with  acida 

and  baiea,  26,  387. 
Bkatol,  334. 

Sky-blue,  liquid  fibres,  359. 
Soap,  acoentuator,  313  ;    for  imbedding, 

164. 
Bodium-aliaarin  sulphate,  343. 
Bodiom  carbonate,  for  macerating,  i  ,^3. 
Bodiiun  chloride,  constitution,  80;  for 

isolating)  1  53  ;  remlers  mercury  albu- 

minatea  soluble,  109-13;  in  staining, 

333 ;  refractive  index  of  10  per  cent. 

•olutiona,  377. 


Sodium  hydrate,  for  macerating,  153, 
Sodium  palmitate,  colloidal  nature,  Q5. 
Sodium  sulphate,  acoentuator  in  stain- 

iiifc',  io?,  363. 
Sodium  sulphiadigotate,  333,  440. 
SOldner,  salts  of  milk,  66. 
Solid  solutions,  330. 
Bollaa,  gelatin  imbedding  method,  164. 
Solubility,  of  fuchsio,  methjl-greeu,  and 

methylcne-blue,   30i-a;    of   rubin  S, 

orange  G,  and  metbyl-grcen  00,  33 1  ; 

&  of  dye  affecting  staining,  aoi  ;  8.  of 

proteids  after  fixation,  335. 
Solution,  definition,  44  ;  solid  aolution, 

Solvents,  action  on  substaooes,  303. 

Sorgo,  Man-hi  method,  351. 

Souaa,  pyridiii,  313. 

Oraf  Bpee,  fatty  paraffin,  168. 

Bpiegelbilder  (Fischer),  307. 

fipiro,  coefficient  of  distribution,  330; 
action  of  neotral  salts  on  proteids,  53  ; 
starch  reactions,  301  ;  theory  of  stain- 
ing. 334- 

Spiro  and  Pemaal,  add  and  basio'ca- 
pacity  of  proteids,  36,  387-8. 

Sprit-eosin,  430. 

Bquire,  ala>hol  as  fixative,  loi  ;  decal- 
cifying method,  156 ;  gold  chloride, 
79:  gljcerin-jelly,  381. 

Staining,  aim  of,  370;  olatsification  of 
methods,  19^-0;  summary  of  (acioti 
affecting  staining,  369 ;  influenced  by 
moisture,  198;  texture  of  tissue,  198-9, 
300;  cubic  capadty  of  objects,  300; 
rate  of  diffusion  of  dves,  303  ;  solubility 
of  dyes,  30J  ;  ph^cal  factors,  300  ;  in 
hot  solutions,  363;  mixture  of  dyes, 
ao8,  and  basic  dyes,  310;  after  im- 
pregnation, 354-363;  after  mordanting, 
334  ;  with  metals,  364 ;  why  certain 
fixatives  prereat  staining,  157  ;  inten* 
sity  of  staining  effect,  305 ;  examinai- 
tion  of  stained  sections  before  differeo- 
tiation,  3o8,  445,  453. 

Staining  in  bulk,  carmin,  34$;  haema- 
toiylin,  333,  339, 

Stannoua  chloride,  78. 

Starch,  301. 

Starke,  colloids  and  acids  or  alkalies,  55 ; 
alkali-albnmin,  56  ;  globolin  coaffda- 
tion,  59;  artificial  globulin,  57;  beat* 
ooagulation,  59 ;  fat-reaction,  306 ; 
mechanical  ooagula,  51. 

Btarlinger,  apparatus  for  Marchi 
method,  353. 

Stepanow,  cellotdin  method,  175;  har- 
dening oeUoidia  in  benxene,  173. 

Stewart,  beat-ooagnlation,  £9. 

Stilbene,  182. 

BtUbene  dyea,  397. 

SlllUng,  freeiing  method,  164. 
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^^^1          BtirUng,  A.  B.,  the  dni  uncrotome,  177. 

TABLES— 

^^^H           Btirllng:,  ammonium  ohroniftt«  fixative, 

Anions  and   kations,  coagulation  of 

^^^B              80  :  chrome  compounds  and  aloohol,  76, 

gli  bulin,  62. 

^^^B               94  ;  (iigestion-method,  153. 

Atomic  weights  and  valencies,  27. 

^^^1          Btoeokl  and  Vanino,  colloids,  37. 

Chemical  tests  for  proteids,  316. 

^^^^^          BtOhr,     picro-Kuunnin,    347  ;     mounting 

Chromatophily,  353. 

^^^^1             pioro-carroiii  sections,  349 ;  method  for 

What  salts  coagulate  proteida^  31. 

^^^H             ficiatic  nerT6,  150. 

Coagalati7e  power  of  acids,  alkalies, 

^^^H          Btresa  effects  in^alfauiiim,  123. 

and  salts,  43. 

^^^H          B  trick  and  Beckmann^  iodine  in  toI> 

Colour  alllnities,  primary  and  seoon- 

^^^H               venta,  302. 

dary,  36 1 . 

^^^1          Btricker,  ailver  staining,  364. 

Conductivity,  maximum  points,  so. 

^^^H           Btroebe,  nxis-c^linder  method,  3  3  3. 

BiSuaion  of  dyes  in  filter-paper,  rate 

^^^H          BtrohmeyeT,  starch  reaction  witli  iodine, 

of,  305. 

^^H 

Difftisioa  of  dyes  In  gelatin,  rate  of, 

^^^H          Btrong,  Golgi  method,  375. 

304. 

^^^H           BtrosEf  formaldehyde,  99. 

Digestion,  results  of,  155. 

^^^H           8  Ufa  lima ta  (corroiive),  oonBtitutionf  77  ; 

Diluting  alcohol,  166. 

^^^H              table  of  action  on  diflferent  proteids, 

Dissociation  of  salts,  19. 

^^^K              103  ;    test-tube  experiments,  8,   107- 

Double-staining,  physical,  208,  309. 

^^^H             a  I  ;    microscopic    eilect    on    deutero- 

^atty  compounds,  84. 

^^^H            albumose,    I38  ;    mercury   albuminate 

Fixation,  niMcroscopio  effects,  I03. 

^^^^V              rendered   soluble  by  sodium  chloride, 

Fixation  of  formol  by  proteids,  9a 

^^^^1               109-13;  impregnation  racthod  of  lJio> 

Fixatives  and  stains,  interaction,  356. 

^^^H              midoiT,   370;    effect  on  btaining  reao- 

Ueat-coagulation,  f.ffecX  of  anions,  63. 

^^^H              tions,  353-4;    valae  of  sublimate    as 

Heat-coagulation,  eH'ect  of  kations,  63. 

^^^H              a  fixative,  i^<;. 

Hydrolytic  dissociation  in  salt*,  34. 

^^^H          Sublimate  and  aoetic  acid,  135, 

Molooular  weights  and  saturation  of 

^^^^          Bnblimate    and    biohromate,   double 

salts,  38. 

^^m 

Oxidation    of    resinous     mounting 

^^^H          Bublimate  and  formaldehyde,  97, 100, 

media,  37S. 

^^^B          Sublimate  imd  sodium  cbloride,  109- 

Paraffin   imbedding,   time    required, 

169. 
Staining,  histnrioal  account,  194-5. 

^^^B               '5- 

^^^H           Bubatantiva  dyes,  195. 

^^^1          Subatitutlon,  85. 

Btaining  methods,  ]  96. 

^^^1          Sadan  III,  306-7. 

Staining  reactions  according  to  fixa- 

^^^1          Sugar  reactions,  396-301. 

tives.  353--^- 

^^^H          Sugar  solution,  10  per  cent,  refractive 

Btaining  results  after  Impregnation, 

^^H               index,  377. 

J58. 

^^^1          Bulphates,  effect   on   heat-eoagnlation. 

Tatt,   Iiawson,   differentiating  haeai*- 

^^H 

toxylin,  I94. 

^^^B          Sulphide  dyes,  constitution,  434 ;  mor- 

Tambor,   Bollina,   and   Eostaneeki, 

^^^B                dants  for  basic  dyes,  335. 

braadlin,  438. 

^^^1          Salphide  staining,  370-1. 

Tandler,  liquid  gelatin  ii^ection   mass. 

^^^H          Sulphindigotate  of  sodium,  coefBcient 

160. 

^^^H                of  diatribution,  333;  constitution,  440. 

Tanzer,  tjlastic  fibres,  446. 

^^^H          Solphonilic  acid,  453. 

Tartar  emetio,  mordant,  337,  349. 

^^^H           Sulphuretted  hydrogen,  371. 

Tartrasin,  396. 

^^^1          Sulphur  radical  in  wool,  358. 

Tauber  and  Walder,  Bismarek-hrowB, 

^^^H           Sulphur  reaction,  396. 

,^90- 

^^^B           Sultones,  393. 

Tautomery   of  azodyes   and  hydra- 

^^^H          Sun-yellow,  384. 

zones  of  quinonea,  386. 

^^^H           Snrfaoe  to  diameter,  ratio,  206. 

Tellyesnicaky,  acetic  acid  and  bichro- 

^^^1         Swelling  up  affecting  staining,  198. 

mates,   75 ;    acetic   add  and  M&ller't 

^^^H          Synaeresls,  50. 

fluid,  93,  100;  value  of  sublimate  s«  a 

fixative,  136. 

^^^B 

Temperature  measures,  463, 

^^H          TABLSS— 

Tendon  of  diaphragm,  l6l. 

^^^P            Acids  and  bases,  etrength  of,  17. 

Testis,  148. 

^^^B             Adsorptive  power  for  methyl-green, 

Test-tube  experiments  on  eifeots  of 

^^m             355- 

fixatives.  5,  103-31. 

^^^P           Anions  and  kations,  13. 

Tetrabrom-fluoresoein,  439. 

INDEX 
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Tetrsbrom-reBSBuria,  408. 
Tetr»-metbyl-b«naidane,  356. 
Tetra  -  methyl  -  dininldobeiiBophe' 

none,  418. 
Tetra<methyl>phflnoa&fraiiln,  413. 
Tetra-nitrodiphenol,  384. 
Tetr&Eo  dyes,  3S8. 
Tetr&so-beDBene-ff-naphthol,  394. 
TetraBO-bensene-phenol,  38(). 
Tetrozyanthraquiooiie,  399. 
Texture  of  tisaue  modiflea  etalning, 

199. 
▼.  ThanolIlBr,  silver  ttUtning,  366 ;  i>al- 

Iftdium  impregnation,  a^o. 
Theory  of  ataining,  337. 
Thiaain,  403. 
Thiasin-red,  454. 
ThiaBone^  405. 

Thierfelder,  protagon  galactoie,  31 1. 
Thiorach,  lead  chromate  geUtiQ,  158: 

txintx  Kiitl  bridcamiin,  193. 
Thin,  gold  nieiliod,  368. 
Thiooarmin,  405, 

Thiooyanatea,  on  heat-ooagulation,  61. 
Thiodiphenylamin,  403. 
Thionin,  403-4. 
Thionol,  406,  434. 
TMonolln,  406. 
Thiophone,  379. 
Thymol,  399. 
Time  faotor,  in  fixing,  137:  in  itaining, 

306,  ill. 

Tiasuea,  ohtmivtry  of,  381. 

Titration,  definition,  18. 

ToUena,  nJdehyde  on  plurivalent  alco- 
holic, 90 ;  phlomglucin  te»t,  300. 

Tola  balaam,  383. 

Toloene  (toluol),  conatittilion,  180;  re- 
fractive index,  377, 

Tolnidin-blue,  contt{tution,404;  T.  and 
acetic  acid,  315  ;  for  nerve  fibrila,  4^0. 

Toloylene-blue,  341,  403,  410. 

Toluylene*red,  410. 

Triaoid  atain,  321. 

TriamidoazobenBene,  390. 

Trifunidophenol,  181. 

Triamido-triphenyl-oarblnol,  434. 

Triothyl  rosanilin,  43:;. 

Trillat,  action  of  fonnol  on  agg-wMte, 
88,  91. 

Trlmethylamio,  3S3. 

TrinltrobenBeoe,  181. 

Trinltropbenol,  181,  383. 

Triolein, ^06. 

Triphencnoxaaln,  408. 

Triphenylmethanea,  183,  419,  433. 
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